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BACKGROUND
L Field
[0002] The following description relates generally to wireless communications,
and more particularly to providing frequency hopping in single carrier frequency

division multiple access transmission.

1L Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as, for example, voice, data, and so on. Typical
wireless communication systems can be multiple-access systems capable of supporting
communication with multiple users by sharing available system resources (e.g.,
bandwidth, transmit power,). Examples of such multiple-access systems can include
code division multiple access (CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) systems, orthogonal frequency
division multiple access (OFDMA) systems, and the like.

[0004] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple mobile devices. Each mobile
device can communicate with one or more base stations vig transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations. Further, communications

between mobile devices and base stations can be established via single-input single-
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(TDD) systems, forward and reverse link communications can employ a common
frequency region. However, conventional techniques can provide limited or no

feedback related to channel information.

SUMMARY
[0007] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later.
[0008] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects are described in connection with facilitating
frequency hopping for single carrier, frequency division multiple access (SC-FDMA)
transmission. User data transmitted within a transmission allocation unit can be
frequency shifted with respect to time based slots of the allocation unit. As a result,

frequency hopping can be accomplished while preserving single carrier restraints and a
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transm ssi @ivision of a second subsequent time slot.
[0810] Yet another aspect relates to an apparatus that provides frequency
hopping in SC-FDMA transmission. The apparatus can comprise a means for dividing a
transmission allpcation unit into at least two time based slots, the time based slots have
a plurality of frequency sub-divisions. Additionally, the apparatus can comprise a
means for allocating a portion of user data to a first frequency sub-division of a first
time slot, and a means for shifting allocation of a subsequent portion of the user data to
a second frequency sub-division of a second subsequent time slot.
[0011] Another aspect relates to a system that facilitates frequency hopping in
SC-FDMA transmission. The system can comprise a multiplexing processor that
divides a transmission allocation unit into at least two time based slots, the time based
slots have a plurality of frequency sub-divisions. Further, the system can comprise a
scheduler that allocates a portion of user data to a first frequency sub-division of a first
time slot and allocates a subscquent portion of the user data to a frequency-shifted
second frequency sub-division of a second subsequent time slot.
{0012] A further aspect relates to a processor that facilitates frequency hopping

in SC-FDMA transmission so as to preserve single carrier constraints. The processor
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[0014] Another aspect relates to a method for transmitting data over an SC-

FDMA uplink channel utilizing frequency hopping. The method can comprise
receiving information related to frequency-shifted allocation of user data across a
plurality of time slots of a transmission allocation unit for use in a SC-FDMA uplink
transmission, and organizing the user data into a transmission data packet in accordance
with the received information.

[0015] Yet another aspect relates to an apparatus that transmits data over an SC-
FDMA uplink channel utilizing frequency hopping. The apparatus can comprise a
means for receiving information related to frequency-shifted allocation of user data
across a plurality of time slots of a transmission allocation unit for use in a SC-FDMA
uplink transmission, and a means for organizing the user data into a transmission data
packet in accordance with the received information.

[0016] Still another aspect relates to a system that transmits data over an SC-
FDMA uplink channel utilizing frequency hopping. Such system can comprise an
antenna that receives information related to frequency-shifted allocation of user data
across a plurality of time slots of a transmission allocation unit for use in a SC-FDMA
uplink transmission, Further, the system can comprise a scheduler that organizes the

user data into a transmission data packet in accordance with the received information.
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indicative, however, of but a few of the various ways in which the principles of various
embodiments can be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] FIG. I illustrates a wireless communication system in accordance with
various aspects set forth herein.
[0021] FIG. 2 depicts an example communications apparatus for employment
with a wireless communications environment.
[0022] FIG. 3 illustrates an example methodology for facilitating frequency
hopping in single carrier frequency division multiple access (SC-FDMA) transmission.
10023} FIG. 4 depicts an example methodology for providing cyclic shift
frequency hopping for SC-FDMA transmission.
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herein. [0030] FIG. 11 depicts an example transmission atlocation unit employing
multiplexed frequency hopped and non-frequency hopped user data in accordance with
further aspects.
[0031] FIG. 12 illustrates a sample access terminal that can utilize frequency
hopping in uplink SC-FDMA transmission according to one or more aspects.
[0032] FIG. 13 depicts an example base station that can be employed in
conjunction with a wireless networking environment as described herein.
[0033] FIG. 14 illustrates a sample system that facilitates frequency hop
transmission in an SC-FDMA environment in accordance with aspects disclosed herein.
[0034] FIG. 15 depicts a system that facilitates frequency hopping for uplink
SC-FDMA transmission by one or more user terminals.

[0035] FIG. 16 depicts a system that utilizes frequency hopping for uplink SC-

FDMA transmission to one or more network base stations.

DETAILED DESCRIPTION
[0036] Various aspects are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set

forth in order to provide a thorough understanding of one or more aspects. It can be
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transm ssion. [0023]FI G 4 depicts an exanpl e net hodol ogy for
providing cyclic shift frequency hopping for SC-FDVA transm ssion. 6
[0024]FIG 5 illustrates an exanpl e nethodol ogy for providing mrror
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other instances, well-known structures and devices are shown in block diagram form in
order to facilitate describing one or more aspects.
[0037] In addition, various aspects of the disclosure are described below. It
should be apparent that the teaching herein can be embodied in a wide variety of forms
and that any specific structure and/or function disclosed herein is merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein can be implemented independently of any other aspects and that two or
more of these aspects can be combined in various ways. For example, an apparatus can
be implemented and/or a method practiced using any number of the aspects set forth
herein. In addition, an apparatus can be implemented and/or a method practiced using
other structure and/or functionality in addition to or other than one or more of the
aspects set forth herein. As an example, many of the methods, devices, systems and
apparatuses described herein are descried in the context of an ad-hoc or
unplanned/semi-planned deployed wireless communication environment that provides
synchronized transmission and retransmission of SFN data. One skilled in the art
should appreciate that similar techniques could apply to other communication
environments.

348

[0038] As used in this application, the terms “component,” “system,” and the
like are intended to refer to a computer-related entity, either hardware, software,
software in execution, firmware, middle ware, microcode, and/or any combination
thereof. For example, a component can be, but is not limited to being, a process running
on & processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. One or more components can reside within a process and/or thread
of execution and a component can be localized on one computer and/or distributed
between two or more computers. Also, these components can execute from various
computer readable media having various data structures stored thereon. The
components can communicate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets (e.g., data from one
component interacting with another component in a local system, distributed system,
and/or across a network such as the Internet with other systems by way of the signal).

Additionally, components of systems described herein can be rearranged and/or
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the art.
[0039] Furthermore, various aspects are described herein in connection with a
subscriber station. A subscriber station can also be called a system, a subscriber unit,
mobile station, mobile, remote station, remote terminal, access terminal, user terminal,
user agent, a user device, or user equipment. A subscriber station can be a cellular
telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless
local ioop (WLL) station, a personal digital assistant (PDA), a handheld device having
wireless connection capability, or other processing device connected to a wireless
modem or similar mechanism facilitating wireless communication with a processing
device.
[0040] Moreover, various aspects or features described herein can be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer-readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...). Additionally, various
storage media described herein can represent one or more devices and/or other machine-
readable media for storing information. The term “machine-readable medium” can
include, without being limited to, wireless channels and various other media capable of
storing, containing, and/or carrying instruction(s) and/or data.
[0041] Moreover, the word “exemplary” is used herein to mean serving as an
example, instance, or illustration. Any aspect or design described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects or designs. Rather, use of the word exemplary is intended to present concepts in
a concrete fashion. As used in this application, the term “or” is intended to mean an
inclusive “or” rather than an exclusive “or”. That is, unless specified otherwise, or clear

from context, “X employs A or B” is intended to mean any of the natural inclusive
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generally be construed to mean “one or more” unless specified otherwise or clear from
context to be directed to a singular form.
[0042] As used herein, the terms to “infer” or “inference” refer generally to the
process of reasoning about or inferring states of the system, environment, and/or user
from a set of observations as captured via events and/or data. Inference can be
employed to identify a specific context or action, or can generate a probability
distribution over states, for example. The inference can be probabilistic—that is, the
computation of a probability distribution over states of interest based on a consideration
of data and events. Inference can also refer to techniques employed for composing
higher-level events from a set of events and/or data. Such inference results in the
construction of new events or actions from a set of observed events and/or stored event
data, whether or not the events are correlated in close temporal proximity, and whether
the events and data come from one or several event and data sources.
[0043] Fig. 1 illustrates a wircless communication system 100 with multiple
base stations 110 and multiple terminals 120, such as can be utilized in conjunction with
one or more aspects. A base station is generally a fixed station that communicates with
the terminals and can also be called an access point, a Node B, or some other
terminology. Each base station 110 provides communication coverage for a particular
geographic area, illustrated as three geographic areas, labeled 102a, 102b, and 102c.
The term “cell” can refer to a base station and/or its coverage area depending on the
context in which the term is used. To improve system capacity, a base station coverage
area can be partitioned into multiple smaller areas (e.g., three smaller areas, according to
cell 102a in Fig. 1), 104a, 104b, and 104c. Each smaller area can be served by a
respective base transceiver subsystem (BTS). The term “sector” can refer to a BTS
and/or its coverage area depending on the context in which the term is used. For a
sectorized cell, the BTSs for all sectors of that cell are typically co-located within the
base station for the cell. The transmission techniques described herein can be used for a

system with sectorized cells as well as a system with un-sectorized cells. For simplicity,



[0035] FIG 16 depicts a systemthat utilizes frequency hopping for
uplink SC FDVA transmi ssion to one or nore network base stations.
DETAI LEDWSEEWORPESTHION [ 0036] Vari ous aspects are now descPGHERMNT/QF112
reference to the drawi ngs, wherein |ike reference nunerals are used
to refer to like elements throughout. Iy, the foll ow ng description,
for purposes of explanation, nunerous sﬁ%cific details are set forth
in order to provide a thorough understandi ng of one or nore aspects.
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Data transmission on the forward link occurs from one access point to one access

terminal at or near the maximum data rate that can be supported by the forward link
and/or the communication system. Additional channels of the forward link (e.g., control
channel) can be transmitted from multiple access points to one access terminal. Reverse
link data communication can occur from one access terminal to one or more access
points,

[0046] Fig. 2 is an illustration of an ad hoc or unplanned/semi-planned wireless
communication environment 200, in accordance with various aspects. System 200 can
comprise one or more base stations 202 in one or more sectors that receive, transmit,
repeat, efc., wireless communication signals to each other and/or to one or more mobile
devices 204. As illustrated, each base station 202 can provide communication coverage
for a particular geographic area, illustrated as three geographic areas, labeled 206a,
206b, 206¢ and 206d. Each base station 202 can comprise a transmitter chain and a
receiver chain, each of which can in turn comprise a plurality of components associated
with signal transmission and reception {e.g., processors, modulators, multiplexers,
demodulators, demultiplexers, antennas, and so forth.), as will be appreciated by one
skilled in the art. Mobile devices 204 can be, for example, cellular phones, smart
phones, laptops, handheld communication devices, handheld computing devices,

satellite radios, global positioning systems, PDAs, and/or any other suitable device for



[ 0038] As used in this application, the terns "conponent,"” "system"
and the like are intended to refer to a conputer-related entity,
ei t her harQ¥RBBIZTEHf t ware, software in execution, firmBEBUSHDHYISEL2
war e, m crocode, and/or any conbi nation thereof. For exanple, a
conponent can be, but is not limted to, being, a process running on a
processor, a processor, an object, an e&%cutable a thread of
execution, a program and/or a conmputer. One or nobre components can
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as an interrelated states or events, such as in a state diagram. Moreover, not all illustrated acts

can be required to implement a methodology in accordance with one or more aspects.
[0049] Fig. 3 illustrates an example methodology 300 for facilitating frequency
hopping in a SC-FDMA environment. Method 300 can facilitate a controlled frequency
hopping strategy consistent with localized SC-FDMA (LFDMA) assignment, so as to
provide interference reduction and bandwidth diversity benefits of frequency hopping

with low peak to average power ratio (PAPR) qualities of SC-FDMA transmission. As



exanpl e, instance, or illustration. Any aspect or design described
herein as "exenplary" is not necessarily to be construed as preferred
or advan®ieea80854%er ot her aspects or designs. Rather, BEEUSH0T/HB112
word exenplary is intended to present concepts in a concrete fashion.
As used in this application, the tern1"ﬁg" is intended to nmean an
inclusive "or" rather than an excl usive “or That is, unless
specified otherwi se, or clear fromcontext, "X enploys A or B"

IS
i ntended t of e tur i 15 ] . i .
o, Ttx cpitgy e amplte Rt B o BsR Y Fans iR U B Bout i
enpl oys A fito Biiltiffic 8akiagl fivgudiddaseanybbrtidde. Fortegpisgditadisaitnesd | n
addition, the articles "a" a " z%s used in this application and

[ nd "an )
t he append&doss inerkassh suli-aoienesal hopliosatsd fsdifigeat freqyrBay sulptigRs-

nore" unle bk . | f t iiLected
fo a si ngul e e B f SPEE ¥ 08 Ake Fiitiold R} B RepGa it

"1 nf er encefacil@ghite oy PAd@Ratrinsntigidnh eneflrod @9 san frcqeaspshifigsegheuts of ser data
inferring states of the Séstem envi ronmang, and{)or u(ﬁgr from]gl Ts]fsat
of obser vafMeHy 25808 St FHRAPOHORS PEHHS adpia) SStoHRPRIWIHR &¢ 8ndE T8 be
enpl oyed @, 4 Aeftd dfaiRdRERbA 6f BRAE 8YdlicRhifAC WiRhati9ElyCa In@8MIGHAL € 2
probability“di'stribution over states,” for exanple. Thé inference can
be probabi hietliodS@00Rran nigpr trirspesersegments ofiusel dataffe.ghatd Figt 10, infiq, for a

di stributi qn ﬁvcga st at ei of igt er esb. bﬁased on onsi.der att Lon of data
and event s SCPHFEIPHERN A FUEPERBPRFOR c?"f"ééﬁﬁf’%ﬁf 0 ghpicdg LSBT
conposi ng BigHh|as evel events froma set of events ancUor data. Such
inference results in the construction of new events or actions froma

set of obs&0MH eventscemdiede mathodet0eoet2, daelipcatipreperéad tmnsméwsionHmit
events are | at.ed 1,0 ¢l .te ral. proxim nd ether.
events and(@g@g%c}gﬁgcﬂ%ﬁrﬁﬁ%ﬁg&g}m% \f/)uer%zlitly og\%/)ltran r?[g ag%dds l%%’t%@&ﬂ?@ég&e
100431Fi g. frbqidrlcy Bhscdlsab-davivibfie! RS SndaippLtie TXNONuEY Sineid diBAedMntdiat

mul ti ple base stations 110 and nultiple termnals 12Q, such as can be
utilized i teasiomjouivee baad wiots wHaw cgeh pet wchidpee partiop opdelweliyidn i s
general ly j at.: t TSOURFH it 1Pabs

can al so bgreggﬁ%gaﬁ%ﬁwééggnesézﬁl tSm nt’, ghll‘ilgé@fgﬁ%‘},@agptaisgﬁng%g%%r 2 iftBidal
t er mi nol ogyTTHaf hmbafke irstaate.om aitiBions teiftbgsermyranblivisibhocancoviestagea
for a particu|ar geo hi ¢ ea, .. |lustrated as.threge geographi

ar eas, Iab@P’éﬂ’nﬁﬂé?tga"ggﬁ{en@h%“%@?@L #ﬂ@ M"‘E& jue (‘}%ﬁmr E&&@%@’
base stati gf agdQr 1 %éuﬁpaé%#g&%ia@éaetﬁatdﬁg%ﬁﬁmg T of 0%l FREGEEY bhfdwidth
which the termis used. To inprove system capacity, a base station
cover age acaabeassotiatepavithi the FXAAIT witibinragterdgas veithathk subjestelasslqsategind

three small ey areas, .according to cel.l,L 102a in Fig. 1), 104a, 104b,
and 104c. I’éﬁﬁ}?l@%f’?@?ﬂﬁr@y@g}?%@Stgaéw@ed by a respective base

transcei verggaipsyst emtGBAR porfibe of Slehtatd @ah BE all6RARINEh FhstifRqleBTSub-
and/or its cover age area dependi ng on the context in which the term

i s used. Fdivisiogeta brst rigg stadl [The upgs depIenfbg relate te arst enmampdicatipgnegwerk
are typically.co-1oc¢ it hin . the.bas [ . I
el sh Vi Tt SRlsE ek BB o BTk PRl Bink s B thess il and
W t h sect orhezkick, dathlssrvasgs Watkh adsreamsnsiiaen, Wirkdming «sdiol @eb beavsag), | s.
For si licit

P trangfzerring data with a remote data network including the Internet, or the like) that can

be carried over SC-FDMA related networks. As a more specific non-limiting example,
a first portion of data related to a streaming video service can be allocated to a 900
kilohertz (kHz) sub-division of frequency bandwidth associated with a TXMIT unit.
More specifically, the 900 kHz sub-division can be any suitable sub-division, such as a
first, second, third ... ninth, or tenth sub-division of a 9 MHz bandwidth of a TXMIT
unit. It should be appreciated that one of skill in the art would recognize other suitable

combinations of frequency sub-divisions, total bandwidth and data allocation as being



10 in the follow ng description, the term"base station" is used
generically for a fixed station that serves a sector as well as a
fixed st X0 YW3OMIE8 serves a cell. [0044] Terninals 120 aPET/UFIDTAIBLIZ
di spersed throughout the system and each termi nal can be fixed or
nmobile. Atermnal can also be called a bile station, user

equi pnrent, a user device, or sonme other—termnology. A termnal can
be a wireless device, a cellular phone, a personal digital assistant
(PDA), a g 2 an
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and upl i nkc(ﬁﬁbmﬁlyorglavceﬁhc@i@ﬂﬁlﬂédhefé'iﬁ downlink (or forward link) refers
to the communication |ink fromthe base stations to the termnals,
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method 400 can provide frequency hopping in a restricted manner that preserves
contiguous tone assignment of a scheduled LFDMA allocation period. As a result,
method 400 facilitates integrating the benefits of frequency hopping and SC-FDMA
communication architectures.

[0054] According to method 400, at 402, an uplink SC-FDMA allocation
transmission unit (TXMIT unit) can be divided into a plurality of time based slots and a
plurality of frequency based sub-divisions. For instance, each slot of the TXMIT unit
can be allocated a portion of the total TTI of the TXMIT unit (e.g., lms), and each
frequency sub-division can be allocated a portion of a frequency bandwidth of the
TXMIT unit (e.g., 9 MHz). Additionally, the frequency sub-divisions can span the

entire TTI, such that each time slot is allocated a portion of each frequency sub-division.



comuni cating over wireless network 200. System 200 can be enpl oyed
in conjunction wth various aspects described herein in order to
facilitaWoMoBOdihg f eedback to a wirel ess comuni cat i RfFI/US2007/073112
environnment, as set forth with regard to subsequent fi gures.

[0047] Referring to Figs. 3-7, nmethodol ogjes relating to providing
frequency hopping in a single carrier frequency division nultiple
access (SC FDMA) environnment are depi cted. While typical frequency
hoppi ng ha n de t i r t
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depi cti on afditivmd reximpllaarﬁrsu smbmw)lsmn hasiaga Soke e toi e MHz pdrgon of @tal

system ban% cijw1gth can correspond to a second sub-division having a 0 to 2.5 MHz portion of
total bandwidth. As a result, a linear shift in frequency can ‘wrap” from the upper
bound of a spectrum (e.g., 10.0 MHz) to a lower bound of a spectrum (e.g., 0 MHz), and

vice versa. As aresult, contiguous tone assignments can be preserved in accordance



[ 0050] According to method 300, at 302, an allocation period

transm ssion unit (TXMT unit) can be divided into a plurality of
time bas¥®P 2008088748nd a plurality of frequency based subCHPHI087/HIE12
For instance, the TXM T unit can be divided into at least two tine
based sl ots, where each slot includes afportlon of the plurality of
frequency sub divisions. The TXM T unit can have a total transm ssion
time interval (TTI) of I nms, for instance. In addition, the frequency

o1 o SRR AR RS AU MR PBRL ot e LB o

be appreci géerit hat any suitable TTI or total frequency bandw dth can
be associated with the TXMT unit in accorganc w.th the sug j ect .
1V]

di scl osur el®R8] wi t h 41 ABd-aseidats ean heradlagsts S&@ﬁ%‘%ﬁ“ﬁi’ P S%Bli}]aAt
304, a por ki Qf. Ml dS &t 4@9%@1 a%an o‘ﬁ&l @J{:L&?@ft‘ﬁgugé? dtal dah B aflb

sub- division of a fir tinme s e user data can be re atedto
any comrunsaahd ﬁnqmbmﬁedmm @fea {eeowyl time slot.eFeensthxesyset dath can be

at o Sor vi BEEO Ao Tauo P BAENTIITF (g TSP RSThs ° AEAIE i affc can be

br owsi ng, El‘i@d&?efd% FlegrsO@ha st tél%amh@ BRdca Rt d}&ﬁeﬂ@mlmw%@gsé&ﬁd
Internet, or the [ike) that can be carried over SC- FDMVA rel ated

net wor ks. pertianwbthe \s@elmnfvsmgrimﬁﬁct ¢ami e allpcaira tpthe seconfl itimst slgso rFturtber, tte

data related, to a.st v deo s can ocate

ol et o, oRpiro gtk G e et P Sl kb AR R P 6L 0B b a
TXM T uni t o]1dateR t6 ROCUHZGE Rl YMHA R Do bl Sablﬁmddt‘hl 89 @ScueSd ABBvANYhen,
sui tabl e sub-di vision, such as a first, second, third ... ni nth, or

tenth sub- &y velleqating gte sscondertiomatiie aveh bsewsing KMIE toilincany sishisgl d be
t
P 2" el B bttt el O8) SRS 5SRO AR PRI 0 10,

data al | ocaH ot AS MIgZ 6fithe t&albantividih rfee@e@cgﬂmpﬁmgmneabmsnfadecswbhact
matter and rel ated disclosure. Such conbi nations are i ncorpor.ated
her ei n. ab]dﬂgres@étraaqm%are frsfucney 4ispensoBq it Feph inteiiershceing user

data is S h'c%ﬁrgnggoﬁ(ﬁogs S ﬁaﬂ%ﬁﬂ By 5?5%5 Aksd, 9Rd F}Ens%nﬁe oo ciency

subsequent At i hu ng t ous exanple sequent
portion of ifchexsed; éue ttatha fregnerey dagpdisiaro nizaddiﬁd)rraélanzi supeshildebthe allocation

infornmation associ ated with a s a pllcatlon . -
T {her oy Bro%ar & CrieeRTH ey PCAIUR o B Dot i st el dviesaithin
a different c@QOA‘éHzresfditeﬁbh?s‘ﬂﬁysﬁ{ét}[é'at’do%ﬁé?ﬁe Qfithtsliéh SIRS@AGK Eér{‘i?re&lr&f to
facilitate frequency hopp| ng between the first and second tine slots.

As a resul tontigueus Wﬁﬁmm(ﬁl’f&l nndalimgd@mﬂﬁé’Poassmlefqdm@ﬁ%@éﬂ
transn155|?n can .be ncor

et hod 300 FARBRESIRR: CPEaRERD: TatpdiQe B s an e PP e kR dBency

sub- di vi si gfyadifg SRy hopsIHE Re\sirldc AtV GlvaBn@amsbe nai nt ai ned t hat
preserves contan|ty of "t one aSS|gnnents in the transm ssion e. g.

see Fig. 8[06¥]a det afshedlddepippracetedohate ahdasgiiends carefib digasony u§n§3h
SC FDMA t rgung rcﬂv?s%nsr}% b%et?éffc?eﬁ@& @res&%& fslir(fgf%‘éar{@ﬂfe?t@: s qﬁa* r s‘?ﬁcgf

LFDVA t rangii ssion c¢an Teduce po ermnal. devi Ces

during upl ibicktof agadatisipais a CaterBheof thGqﬁ@cpMnd\ﬁﬁtlﬁ(erge,M 0 MHz
nmet hod 300 can prOV|de a_ novel approach to_incorporatin requen
MrloBtRargih

hoppi ng i ncentaiingef #@Wgﬁwt?]d?ﬁﬂémdth,tq’?érﬂe% Haolg of
of both ”%ﬂgg%ﬁ@é% (oGl LRREYEE entg%%})&n% tethflGR Gbcusel HXHPLE

met hodol ogy r providing cyc
cause user data to appear at an upper boundary of a frequency spectrum and a lower

boundary of the frequency spectrum simultaneously, destroying contiguous tone
assignments required for single carrier transmission. As a result, avoiding data blocks
that span such centerline can help to promote proper SC-FDMA transmission in

conjunction with cyclic frequency shifting of method 400. Additionally, further



frequency hopping for SC-FDVA transm ssion. According to particul ar
aspects, nmethod 400 can provide frequency hopping in a restricted
manner tﬁ%@zﬁﬁéﬁ%m%es conti guous tone assignment of a sBREHSHEHITBERBVA
all ocation period. As a result, nethod 400 facilitates integrating
the benefits of frequency hopping and - FDMA commruni cati on
architectures. [0054] According to nethod 400, at 402, an uplink
SC-FDVA al | ocation transm ssion unit (TXMT unit) can be divided into

I lit .al i
Sub- di vi si SmEodipisR, SRR R B0 BBl kol AR e R
al | ocat ed pogediiyidata tdbckshattspiad fréquenof spdeauidehiErlinei t (e. g., | ns),

d h f be al | d ' f
frequency BN ot - SHE Srilustouts#hanpmbieansihodcsoam By BroXstng more |y,
the freque&ﬁﬂ?%ggggpggﬂgegor@ﬂ%w FDRERGhGRisTbh, ASURRuLORbAIBRCH

time slot is of each frequency su i Vi Sl on.
[ 0055] At 4ﬁl4rr91atr:iﬁspmitidn Beuencyhappingiéani hel pomitigateaprbblests assonmtesl \mth da;tal

b t f f b-.di .
cecond 11 ntoskoab S G oD TPy R PRGN e SRSl ST g
the TXMT uai fe uE@fhat 5k afe@hmdnks dMeddhd @ﬁ@l@ﬂ@umhﬁgﬂeﬂu QMBré $edniMik, data

then substanti aI ly half thereof is substantiall
Consequent h@ocatddeto rifreguernydegmened aémmmmsvmml:lﬂ@ﬁ@anvemd shtoiutd et be

§os% e | bl RS S8 i b oo IR OB D RO AR B

at refereneea DUNIEE. t402 &R paktim dFe fBdtju %ﬁ@ﬁk#ebtﬁﬁﬁrdrﬂy gutb s§sabiatedloivh
hal f of the frequen ‘%@bandvvl dth of the TXM T unit, nodulo the total

frequency Buhblackskeulebeincluded vithin sush 2oy Milzfers Mt rsfion fo mpintsin data
| f
[0056] As. aroSiEtr 8 bl GRAREGEAM Bt scBinelh S ESUEHL: BT bk

accor danceof\ fiequeeich epketagysikdBarzansihadaea assigatdto ﬂhaﬂ‘ﬂflwuéﬁcty @gm}:ﬁk Witz .
The TXM T unit can be d|¥|ded into 4 frequency sub-djvi,sions,  each
havi ng sub8PhhfteREPYOS 18 Tigapensy (HEnaRFWRA Fegudiey Skt fign BRIRERIRE #E to

of the 4 fg wgzg%ré&pmﬂ' ?#0583 3z ﬁ,dfbémr%&ﬁwowﬁwm gtlsis,' chrb@nah! v,

according to r rence nunber 404, a first frequency sub VI SI on,
havi ng 2. 5rdehtt fivamal Mi0dviRlztlinasr shoft amknmuﬁismt wrapping’ ,ahﬂ:ussekl/}dbom lapplmd to

f the total d dt h d f
rom a cor PASHORIRYYSHBANVFER SAVGE LProVELIBAGE P FoSiigh SBYTE e
subst ant i abéntediak foftah®.¢ P8l toR® BAYMVAHN SpBetflim), BpCeifibRly, b&%ﬂ& ﬂa@tsdf'tﬁe

such correspondlng sub-di vi si on can have substantlally
bandwi dt h d@iﬁﬁ@ﬁ&@n@lth@dowor bpud poien, mermp;'«»ed\mirqqgmqydmmfchetm@t of dheal

bandw dt h. 0] rdance with r nce

Fnonr ‘o Arae Hehe ddeBEEHATRGE oYordod & BRERrdY Iy din 1.2
bandwi dt h Wﬁhﬁm%MHaallMd 8thepdatahie rdgatdlo thap@viodt D t6 PN
and vice versa. For instance, if a first sub-division of a first tine

slot corr e§SoMék tp 404 MHz expgvled 10. 0 MHz portion of total bandwidth,

a linearly Lfted caqr i

aub- di vi s, SOBE] 50 o P EERRIRE A s At Ry By il 06 B, g
M-z porti omitifatt becliminate goaliiems disbciakd vath dudglspganoimgla cen@ripledirauénayst
sub-di vi si on_having a portjon of total bandw dth

can corres &éﬁd@%ﬁ?%ﬁ%@&l&?ﬂl%hg%%g%%& ge3cr§ed by medhod 490\(hee Bigr 1 fop
of total b@'@l@f%l@& B%pléf’onaofrrﬁ%lr tran@obitiBR 2% ufifdeditvy Rethd £ IHBN GVt Birror

"wrap' fromthe uppe
transposition, first and second frequency sub-divisions (e.g., corresponding to a first and

second time slot, respectively) can be transposed across a centerline frequency of the
frequency bandwidth of a TXMIT. As aresult, the second frequency sub-division can
be substantially equidistant above or below the centerline as the first frequency sub-
division is substantially below or above, respectively, the centerline. Mirror

transposition implies that data blocks spanning the centerline are still contignous. That



bound of a spectrum(e.g., 10.0 MHz) to a | ower bound of a spectrum
(e.g., 0 WHz), and vice versa. As a result, contiguous tone

assi gnnentYQ 20080408748 pr eser ved i n accordance 15 with aspBePES¥O7HBiRod
400 and in accordance with the disclosed subject matter in general.

[ 0058] At 406, user data can be allocated,to a first frequency
sub-division in a first tinme slot. At 408, an additional portion of
the user data can be allocated to a second frequency sub-division of
a second ti ' : : [ it

b br owsi ek P ol AFREAEE: MRk a) RiAleNE: ARAAE ol Sl D o
be al | ocat da Hleck digl dphiissihe tenterhiak ahd {oae gssigrimenes thaseflageatitlicontigious,he
TXM T unit) and,a second igortion of the web browsing traffic can be

al | ocat ed PESEHE SETEPTEONSIHRS. Further, the web browsing traffic
inthe fir ime sl qf i i r 1 b VISP uni
al | ocat ed 006310 VHz Ecg&gﬁgb[ %&%%r{q%?%qz’ ?@)F@F}ﬁ%%%ml\gﬂ? as unit can
di scussed abdivdediihertimblasad blotandigpquireydesahabpbvisionn Af S@heulweb

N L
bandw dt h) f = I € 5 ¢ :
MHz of t hegfophdbsshasdwiidof the BEHERAEY RORMIISpERFINREAL AhiticUla ek athpIb,
a high degree of transm ssion fre%uenc% di spersion. As a result,

i nt er f er enesub-divasiensraaspgidvifiy t6 of iagif) MEtmspiseirign et hgs a

reduced, and.transm ssion efficiency increased,. due t e f uency
i sper s oncenierify ACridegaif 0 UGS ke b SRR p M rebfed e B A6
reference Wﬁ&a&&&lyamﬁ MI@StoCiaN) bEIDsfaae CastMHE spetiin) s £lfiihees
within a cell. As a result, transm ssions in accqordance with such

al | ocat i oncxampleresbrdigisionspryesid- 0tHa a8 SiNHaehthe 10hdiz sgctrans
B APR . ) y tOR _
assoc h@&glg}gt"% E{f&%&ﬁ%@%ﬁl‘?&gﬁﬁ IZeS MipoA %Srgﬁéﬁﬂgé& 400 in'TRd é&%ﬁné‘{%&e

provi des o ar aspec to prov requency hoppi ng
for singl eslass i spavsubennedtys3.s MBb 8] 6.0 MHo of theld® (ajgiptzepeathed That ,
as described, careful _ divisjon of frequency sub-divisions can be .
bonef | o al &isr prasaple Yiushates h@ﬁ/é J@E?r'?li)@?t%ﬁ%%’@?%ﬁ fiequenpy specpm GeateEfice
a bl ock of i f oot i
pandon ot b (o FeicBep BN ERLGRH by g Brds@loondBUERAY assignments
a 4.5 MHz bfthet 6Bquendy Mzttt al  bandwi dth, and so on), the linearly

shifted fr cy 'wr ing' chni gue. di scussed ahbove.can. cause.user
data to apdUiTar anAtaer e in e 158 B SE iRl e
| ower bounggiyAe50d, g afidiBEHANYiHRIGAS t¥ Shtadhh BOEIRLELAN to dREIIA%LINY
contiguous tone assignnents required for single carrier transm ssion.

As a resul divisiowpfis segondtimetsiaic bé S1hax schpdde elibh allesation cambe braaddssl tp a
to pronote pr.aoper SC EDVA Lransm ssi Ve canjunct i i.th ¢ i .
frequency gEYIF%)fer‘f%’ %F%%ah%%i%§Cﬁ§%§??l? ﬁl?m%’l%r }f/mlﬂ _%II’O ? ngr%ne, W%%g &evwe’

and so on), requesting the user data for instance. As described, method 500 can provide

for frequency hopping in SC-FDMA environments in a manner that preserves
contiguous tone assignments. Additionally, the mirror transposition mechanism of
method 500 can mitigate or eliminate problems associated with data blocks that span a
centerline of a spectrum frequency, as described above.

[0064] It should be appreciated that in some scenarios the mirror transposition
mechanism of method 500 can be less efficient as compared with cyclic shift frequency
hopping. Specifically, in terms of decreased interference typically associated with
frequency hopping, mirror transposition can result in lower sub-division dispersity for
data blocks near to a centerline frequency of a frequency spectrum. Multiplexing
mechanisms, discussed in more detail, infi-a, can help to alleviate some of the frequency

dispersion problems, however.



16 enbodi nents di scussed bel ow provide alternative nechani sns that
mtigate problens posed by data bl ocks that span a frequency spectrum
center| i Y& 20080675 i g. 5 illustrates an exanpl e net hodoP%WSW@B'O'mH
providing mrror transposition frequency hopping for SC FDVA

transm ssion. As discussed bel ow, m rroL transposition frequency

hoppi ng can help mtigate problens asso E%at ed wth data bl ocks that
span a frequency spectrum centerline. For instance, single carrier

restraints requi ' 3
cont 1 quous S8 & *ape i SURPiey V' Gufie LIRRRb &y o P B ABSeBBsC,
of a transkED34A dreqaticgd@bpian npehadsings basad dn raﬁpmlbcmtmn of nsew dbadn by
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described Byo BRIBOR 14863 (&% 4%'1 alalbfs&rofgaﬁ%tll)@bét@djwﬁﬁﬂtﬁé mm*umt can

mrror transposition as ut| met hod 500 mrror
t ranspositibe mcnalﬂoaamd aamtdagcto nglclfcrsda(fuﬁm;qpnsyl beppmg 8y daserilfea hgregin. If the

correspondi n flrst e ond ti ectl
D nbo g et irefoalnck ShaBR GRS FrE s tegtoos e Eeitsrne hstie atFeen

of a TXM TyrfiSeditd GBI An610N& 1&.%99@19133&&%%@5&& BB fétaﬂo%ate@ i &RoRRBnce
substanti alpl y equi di stant above or below the centerline as the first

frequency suthdnirics ﬂnansposltmtf@namomoppmgé¢0bwq@¢s dgsoniecd lresgipe Subseansnt

h | M I ha
panni ng- ¢ FoRt aF T SAFAREET bbb Bro Rk By R bl
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[ 0062] Accordifigh 4 éﬁ&)pé%qdé Al ﬁ%g@encﬁﬂoﬂﬂhé R iNR al M FDNAA t

can

environment most suitable to preserving single carrier constraints and providing high
diversity, low interference and low PAPR transmission.

[0067] Fig. 7 illustrates an exemplary methodology for multiplexing frequency
hopped and non-frequency hopped transmission in an SC-FDMA environment. At 702,
an uplink SC-FDMA transmission allocation unit (TXMIT unit) can be divided into ‘M’
frequency sub-bands and at least two time slots, as described herein. At 704, a number
of the ‘M’ sub-bands corresponding to the set {0, 2, 4 ...} can be allocated to frequency
selective scheduling (FSS). More particularly, FSS data can be allocated to

substantially constant frequency portions for all or at least a portion of service duration



be divided into tine based slots and frequency based sub-di vi sions.

At 504, subdivisions of the first time slot can be transposed with
sub- di vi YQRAY8EM87Hhe second tine sl ot across a centerl i Rel/gp200H@73112
bandw dt h frequency spectrum As a particular exanple, a sub-division
spanning O MHz to 2.5 MHz of a 10.0 MHz,spectrumthat has a
centerline at substantially 5.0 MHz, can” be transposed in the second
time slot so as to span substantially 7.5 MHz to 10.0 MHz of the 10.0
MHz spectr 0 n

to 6.5 o RS T TeCRE R etz b R ERADR LRt &F
cent er | i nesutcbanddeotresposiag eslthe et o2, 5\(&011 g ctahe)esaeomeﬂ foi frsushagt
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The user _abtaehen peping b B et b udth i Ay PLREH S PRL 0L Hong
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device (e.g. erm nal device such as a cell phone, multi-node
phone, wir ej’(é@sﬁhthfrﬁ@EﬂC}ah@mB@: dlate, assastptesswith galttlhelaus@rs chaths rﬂ@nped to
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met hod 500 can mti ate or elimnate problens associated with data
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mrror tra sitron nec c¢an be ess I Cl en
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of decreased |nt erference typically assocjated equ
hoppi ng, nfh®f efFﬁﬁ%EELSﬁeerpf@aW (pesslifige 13 for pelgies eégﬁneﬁm@n cation of

di sper si tyn{u% dadgerdy @ﬁkﬁ_ll to a centerline frequency of a

f requency spe rum M exi| ng mechani sns, di scussed in nore
detail, inf@®9]can héltﬁOﬁ,dhaFSS\anaFHSssmhé)ancﬂs tanebefmatjplerned/ withmpeF XMIR
pr obl ems howe

for choosi HBH bég\f\'é’é‘ﬁl %&ﬁ%ﬁ%g#t%ﬁgﬂé% ‘l‘:‘?%ﬁgg‘i dtﬁli§g%b600

an al | ocat 95 0dd HFRS acﬁetfq{s BatRC AQ L FRAICS n\ﬁhimgﬂge;@ermﬁmrfec SRS AS
depi cted, nethod 600 can anal yze a particular alTocation of data to a

transni ssi bandslat edewéromdwhiatiraquendytspedifunecan S ooapd qufé}%lémyvhnioppu ng

mechani sm .as _discl.0 re ate to

"t erf er andBap ik SHFBER T o hPoor B P BRF BB Pt B TPl o s
nmechani sims dh@l oChe0sdrfiY 10 SHOMBE Be Bi8F6414tBE that HROGRIREY int@O Rit BEh recognize
mechani sms, not specifically articul ated herein but within the scope

of the subjther alipcatipe siuategichmet snseibrcpldy atewated e the fofegows|cArEBiesi ng
to nethod @QCQUd&%RVIﬁlqg theas'aoflﬁoef tﬂg &ﬁ)?ef %o&ﬁx%{‘éﬂ& s%u?h Qt?ategms are incorporated

herein. At 710, a schedule of the allocation of FSS and FHS data can be broadcast to
facilitate uplink transmission of data according to a multiplexed frequency hopping
strategy described herein. As a result, method 700 can facilitate providing portions of
frequency hopped and non-frequency hopped data in a TXMIT unit, to facilitate
communication requirements of various terminal devices, for instance.

[0070] Fig. 8 depicts an example SC-FDMA signal transformation that can
provide low peak to average power ratio. A serial to parallel converter 802 can receive
an input stream of data, for instance, that has serially multiplexed time-domain

modulation symbols. The serial to paraliel converter 802 can split the input stream of



allocation unit (TXMT unit) can be divided into time slots and
frequency sub-divisions. At 604, the TXMT unit can be audited to

i dent i fyx‘(%@myﬂ%ﬁt"éﬁ al l ocated near a centerline of a freRfcEHeAp07/073112
spectrumof the TXM T unit. For instance, user data spanning the
centerline can be determ ned and identij‘d' ed by the audit. At 606, a
determnation is made as to whether the audit has identified data
that spans the centerline. If not, nethod 600 proceeds to 608 where

at least a I i 1:hi -1n|

re-all ocat %agyg@g%? gﬁtﬁg%a@yl{cﬁg@@%lw {IFHF @&’E‘%ﬁ%%‘% O%%élﬁ{'né a@%e@%}l i bed
her ei n. | foithet sagdintcaabe pafvédeeic a (Hpobedis6eek Ketrier ramséand@-at DBEF
span the center]in t hod 600 can proceed to 610. At 0, ,at | east
a subset of e‘f‘??eé%a?%‘egﬁ %‘@a?‘ec-aﬁltheﬁ‘é%t@(’}s 'Oﬁmé‘gl%%ﬁéﬁ“@én% ﬁ@‘}ﬁ? FERgEr

Lr ansposi ¢ yigiiyd: GAKANGY ifiGRBHIAG dAE AN AGRdeaGHLRea N iRigdrtions of data
Subsequent reference nunbers 608 and 610, nethod 600 can proceed to
612, wher ecan thehbelploridefi talaspecainmbhaping comanndne 866 tatl castiurther shapd dast
one devi ce.consum.ng the yser, data,.for frequenc ped. transn ssion
1 an SC. FBORSIET PReinapedtiE tnBltnice Shedb BaRe na R Joe ey RaRE
provi de al ¢ghiest $0RAYIRGYscA8 R REIIRE tedles BP dbhaia a0 a tone map
environnent nost suitable to preserving single carrier constraints
and provi dégnaparieahdQi thatrasntagjust sh-dapiess pathinbe dafadtreanipapRarticular

transm ssi on,. Fig. 7. .1llustrates an exenpl ary,.nmet hodol o r
i 41 pl ont RGP 85 Bk hey Spbr A R T D e R Rl LY PloRP YL ere
in an SC FENAneveq el singde caitidr comltraiptsl MonSerapBUA chii &8 PresdOme

al l ocation unit éTXM T unit) can be divided into '|VF freg#enc&y

sub- bands EaBP%k dafginam igent pensIyese fast Fonis trapearm €Nt HEF A 819 hey
nunber of {he = I {: "y .

can be allo tlg%’aftc%lfl ?Q%%?\Eh%qéergﬁég& :H\g’:[a]ﬂi gb@%@]ﬁ?ﬁ%@ﬁ'—‘é@fﬁ%‘? gomaﬁq.
particul ar [0871FSS daFig. 6dhudnates lal sampieaehnbmission sl lacdtioalunjt (THMITantit)
frequency portions for all or at |east . a %gr i on oL servi ce duration
19 (e.g., VPROINGLIFHGEIIIISHIBEICY DOpPPIngdp2 Pyt QRGOS BOASPCAS
706, a nu : X L - pancs\vE j :

o R )8 1 st
Addi t i onal 9§ and@dabdpacatd ona pirtic@sr amelieHB6s tHnch alod §02; £04 lsen be further

constrained. sych that a.total n er of assj.gn sub- bangds,.ar.e e I
Co 1ta | Pibaivh urth e PR wRagr Al T g b s o
m nor trangpm9ibiem. ﬁﬁ@%{&@%’acm&%ﬂgﬂleﬁbbﬁ{o%gi_f%lﬁtadﬁ?ﬁfddbﬁi%iﬁ BRI BX AT
be incorporated as part of the frequency hopping allocation at

ref erence AuifbeFigy®eompysesiamsntamda tingd blpcl partiearcyesuiercysiyibfdivision
frequency i d associated with particul ar users can be
mapped to %@ég%]@aﬁ%g Such a result can be acconplished by

splitting poffRpquencYhs peidusuid Blbekstomhd@davipte THMIT whitddlispiartdicah | y
sane nunber of sub-bands in each hal f._ The sub-bands of each half of

t he spect r GeHveaAistpgttyRs o nfpupdone don skgoR crekHotAR, 394 epnisae d time
(e.g., sub P%@Qéj Ejﬁhﬁﬁﬁ&}a tﬁ"ﬁle lfbllq((f:ﬁg'c&ﬁ%éﬂﬁégméf’t&g h e?thegf’com‘]fnunicaﬁiog gFrfvicgf

respective er not €, e nunbers o ub-bands 1 n eac
t he frequedaty ospétbtpilotiné@manohh Abe radultpeahddodkacoataidsarithBiSS Tota RS P’

sets of data.(see Fig. 11 for a detailed depictjon of al]ocation of
mul ti pl exet! H&ﬁ&a‘%!l?éo%d{rél)plﬁ)[t g%@@}%pn}oggﬁ . 1%[13,@!%# ; rmation can
sub- bands GaRssBEaflH WitPd FatGeLIY Selitk & tdltihd] diRice (ndiShawRR(e! é,cul ar

non-limting exanple, alternating frequency sub-bands can
al | ocat ed toréspehdingitoFPBadabata 2Adase 3,10r D 4.oome PiR2, iPAgord3da iyl instance,

frequency sub-bands at. | ower,qend of a f requency spectrum.c be

al T ocat ed BHOTE 'B5EH MACHE T 1 ecuiericy "Sh b BURTE GETE (PPET &R of

the frequepgyh&RREd, UuHD a‘ﬁﬁ?ﬂ@ﬁnﬂiﬂxﬁﬁ@ﬁ edotitel HiRHORb Atichr d6HG&A6BHHAL can

It should be appreciated that one of skill in the art can recognize
be allocated to a specific frequency sub-division 908, 910, 912, 914. As a more specific
example, data and pilot information associated with a first service (e.g., Data 1 and P1)

can be allocated to a first frequency sub-division 908 in the first time based slot 902 as



[0070] Fig. 8 depicts an exanpl e SC-FDVA signal transformation that
can provide | ow peak to average power ratio. A serial to parallel
convert eW@d808§74% ecei ve an i nput stream of data, for PREUEHEEI73HHat
has serially nultiplexed tinme-domain nodul ati on synbols. The seri al

to parallel converter 802 can split the,jnput streamof 20 data into
an out put stream having parallel tinme-domai n nodul ation synbols. Such
out put stream can be provided to a Q point discrete Fourier transform
(Q pt DFT) Lge t . . t he
Qo orr s0F sy AAond 17 dHR oa BLEAARGARNA NEBGbRA WiANF BB Srte
frequency @GogabDatadaind P2Yken posliccated toh seand fregnerddyenbldévigon9itiedtheo a

spect rum shapi.ng co ne 806 that can further shape the frequency
domai n spegfﬁtﬁﬁﬁ%l@sﬁ)ﬁ%ﬁr&ea rum | eakage. The spectrum shapi ng
conponent gg@span theg 58 Hsﬂ%g%lgééﬂiﬁ'ﬁ'% {lcG RHENGY, AerBihbdfbeated to

streamto a tone map conponent that can adjust “sub-carriers
wi t hi n t hedifferent Stenesney isnt-divasipes 208 81 &191p i intheofecand timgawh B as

spectrum for ex e C i nti quouys portions of the dat.
SPream as POBBRFLT e G el ofr AsdisttioubReteth EhrdRabghl 2,
then provi ﬁmeﬁa@&m%qta%ga eltd ©padsMiddl i IROFRE tilnB R 884 & 8&kesponding
Fourier transform (N-pt IF 'f‘) 810. The N-pt | FFT can transformphe

frequency egmiidatadara Data Baranpadtediintle weendimelslotiran havoe Tnp#isgift 9
illustrates _a_ sanpl ransm ssi al.l,ocati.on unit .(IXM T.unit

el oyt o’ BERRRERR b4 ARATY AL BB toREgborRin ¥l tehSekidti i s
nor e aspecTxXMESGtit. g, fercides abReshple©dbidh a dhhfe. FxMedlabp) datcaodiaye
at least two tinme based slots 902 and 904, separated by a_part.i.cul ar
timeli ne 9o6th athird fisnegncyepb-dopsioe Ak Bethe fiFyt Hiare dptpi0ddasgi R%Eﬁ R is shifted
plurality ' ity @f VI Sl :
908, 910, 8&‘5?"“3@5%%?5@%%,& ﬁé@ c%@é&:‘?é‘%ﬂ%?%gﬁ(ﬁ?8?1&6%?%%%&%2’ 8
depi ct ed wilifti of stibseantiXN; halfithe toed spacgumSbandwilth.s addiziopabyt, Figi9aalsat | me
bl ock and 3 particul ar frequency ,sub-gi éi Si g\q 908, .910 312, 914.
[0072] The GENFEFEIeIEY HrEwRE Brdisescd eha: Masavertiqnirly. date glipratsdda
can delive b St ¢ SEHeL r et i ] , ;
505, 504" oo MiSt fretflonty BERIOLiOVORIAHBE B SsOhimb. U01 DIE B sh R0 To Hothird
associ at ed fsijedncgistirdividonflihirchiwrepped & froinctbe dppea portioni afthgfréqency
information. As result, each.plock contains either ‘Data'. or a
i cat | ng eCGRPHOR Bk BaT BT 15 dTeAT B AR B ot SoRS BB EAa
pil ot infogpmmt f@l(ﬂ;éﬁ@j?' sHIf VRABRQGHRY Bfhn\WibfRariaRRbhé Gl BF ths @6tYI KiRdRidth
term nal device (not  shown) (e.g., corresponding to Data 1, Data 2,
Data 3, or spestramicancdye aceormplishpe In @gordspcepaith thersubiest iapewrtionrrdesugh

i nteger indicates a.l d, 3rd, . h rvi.c r.m:
respecti ve?%l‘.jenﬁﬁ P ﬁ‘lﬁer}q?é}qgi,m%g? %mgﬁ%’é‘ri%tﬁdz%es qa%ltfogrt %ﬁuﬁj Tl P%E@é%qr%t ed
with a par{eguMar ser ¥igabtikisiiaital seapleitanahiseioataigcdtionamrRagidyicg

frequency sub-divisiaon 908, 910, 912, 914. As a nore specific
exanpl e,  daUHOBHENSEPYIHEN [raqusnan hoRMNBEIsePHrRes With pdditional agpests ol thee

(29 P 6P 00 1B s
1002 and 1004, separated by a particular timeline 1006 (e.g., representing half the time
allocated to the TXMIT unit, such as half of one millisecond). Each time slot 1002,
1004 can be further divided into a plurality of time blocks and a plurality of frequency
sub-divisions 1008, 1010, 1012. Therefore, each rectangular portion of data depicted
within the TXMIT unit of Fig. 10 comprises a particular time block and a particular
frequency sub-division 1008, 1010, 1012.
[0075] In a similar manner as described above with respect to Fig. 9, each time

slot 1002, 1004 of the example TXMIT unit of Fig. 10 can have 6 time blocks

apportioned to data services and at least one time block apportioned to pilot information



21 depicted. Additionally, data and pilot information associated with
a second service Se.g., Data 2 and P2) can be allocated to a second

frequencV@YW38987#%i on 910, in the first time based sl ofCHYRZNOEPFIE
on. [0073] To acconplish cyclic shift frequency hoppi ng, data can be
allocated to different frequency sub-diag sions 908, 910, 912, 914 in
the second tinme slot 904 as conpared w the first time slot 902. As
a particular exanple, a frequency shift between a set of data (e.g

Data 1) " 803EA Sl Pk Relohi el kA AN U £RRATIRY set of

data (e.g transmtte |nt e secon ave a
| i near shi fnformegioh hesdeiatid weitibs pauniculat $qrv1oaﬂer ﬂaahhahdetvmctea(hosghecm) (erg

bandw dt h i at.ed th.t T. T
of such a G PO i Rt dr Pyte bt hsbrid il LIFE PR RF PR oF EqiBoy
sub-di vi si gR.RL3 ﬂlt@géﬂﬁdlf:ét5§£ 14 ione 38| QLat0Q2 i (LoGermibaL ?es%éctﬂvéiyz Bid ged

upward in frequency“to a first fréquency sub-division
second ti nallshed t984pecafic freduency sidudistsiont 1088) wwmu he tot al

spectrumb jdth. Additio ly. Fig. 9.also depicts fre nc

o appt no BO7H] Scus 28 Sissguin et biepufih fepeRaghipnite R ve.
the first Elﬂ&ﬂté@ﬁ@mf&@&n@teﬁh@c‘?rﬁu@-@&iﬂﬁﬁd T3t be10, 1052 intthéBecoh®@tim@Qht
is shifted to the third frequency sub-division 912 and "wrapped’ from

t he upper b@ﬂdt 4S(ﬂ¢ﬂmar€tdhélfh theduratritye gpetiizy Iﬁstibpéﬁfl‘ﬂéwamh fi é‘ﬁ opflatehe
fr _equency ]{) BSH?IHQ% thg?irﬁl% rees%tait %t 01?‘%%%%1 g%_ (8 €

shift val u Ran Stubst antial one

spectrum cmatable tﬁ@@rﬁmulns tlﬁd,etdhdaﬁﬁ@sidam cmtbh tﬁahgaosmce@ﬁs a centerhne
i nnovation, and such freq uencfy shi ft mechani sps _are i ncorporated as
&

part of theOMBsREACHPLIEE bl QUERRY ARPHF D b&@wmﬁhué‘fl?r&tli\@gﬂo&l%mﬁﬁ@ond
transm ssi g, gl la6eddoan Mhru n%'s?ﬁte'a'lﬁ'i&r set:n?xﬁf‘tﬁrﬁ@ﬂohim YREAEOEY
ance W e su

hoppi ng i n accor tional aspects o
di scl osur eto eSp:&mgpmnthrhg first kﬂtedﬁ?béldn‘l‘l 008] 1010ah0 Hawmehafirst aamsmtmoz sufm

b d sl 02 I I
(5. °r aphebibreragdnabrinan 10bo B0 bal syt odSiamibo s ddn
as hal f of ,ong; Mah bSRIMN ) g., E@thamiecéﬁteﬂmm& ad Q@ 4irG 3 qRendyubher

di vi ded |n§o a plurality of “tine blocks and a plurality of f requency
sub- di vi si divesiarD0®)8, 1010 1012)Lszsub§rhréraélfy®|cbw edove, efcmafg‘(ﬂlﬁarthqﬁﬂntqrm

of data de hin.the TXM T u of F

onrtr cul ar TPt bRtokidss Bn S8 e AP e orbifh e SRR G Ciatk s
1010, 1012 ¢ 0B4al1h @II@ca%éd‘ﬂo'aaﬁrsflﬂ&gﬁﬁc)a&bd&$ﬁfdnh©08 @rb@l\éQErWt{rﬁE slespegt
to Fig. 9, each tine slot 1002, 1004 of the exanmple TXM T unit of

Fig. 10 cat dmmée@sﬂramp%ﬁ@é%@SSatbpérﬁqm@ﬁwem@rlmtl81‘bém/ﬁ duwl izgmcagy
| east one Eﬁmlvpsll&ci%1§QH% éeg&?cptlﬁ'xg sB\t h@d4 'I\m)%rﬂg%éu?e{}ly, ?h?e third sub-

division 1012 is substantially as far below (e.g., less than) the centerline 1014 frequency
in the second time slot 1004 as the first sub-division 1008 is above (e.g., greater than)
the centerline 1014 in the first time slot 1002, in accordance with transposition about
such centerline 1014.

[0077] In addition to the foregoing, mirror transposition frequency hopping as
depicted at Fig. 10 can mitigate or eliminate non-continuity of tone assignment that can
occur with respect to cyclic shift frequency hopping. A second frequency sub-division
1010 spans the frequency spectrum centerline 1014 in the first time slot 1002, and is
continuous in the first time slot 1002. However, when transposed across the frequency
spectrum centerline 1014 into the second time slot 1004 as described above, the block of
data (e.g., Data 2) is still continuous in the second time slot 1004. As a result,

contiguous tone assignment constraints required for single carrier transmission can be



associated with transm ssion of such services. Additionally, data
and/or pilot informati on associated with a particular service or
termi nal WRIPEARHE®Dt shown) (e.g., corresponding to Dat BCHWUSHEY/A73312
Data 3, or Data 4, or to PI, P2, P3 or P4, for instance, where an
integer indicates a 1st, 2nd, 3th, or 44h service or termnal,
respectively) can be allocated to a specific frequency sub-division
1008, 1010, 1012. [0076] To acconplish mrror transposition frequency
hoppi ng, dﬁ%e@e&@c!‘b?ﬁliﬁbﬂ @ﬁﬁb@s@ti&r?fr&[ﬁeﬁg%r ﬁ‘dli%ni g SULBIREM. Hfibesi ons
1008, 1010, 1012 inh the second tine sl ot 04 as conpared wth the
first timeapprotiate@@mt other exapaprles afurhiawor éxaspokition ackpartiaflariadepiqted within

Data 1) t itted in the, fi i l.ot,. 1002 and. di
sot “of dat SRd0§e & pafine Builional Sein i Sy Fepioi BB FRlERENR
can be tranaROs@mh RGUAGEEAIRS ke 0r HRgilk) bk LEQIHRAGY Rk of BEILHA art as

frequency spectrum bandw dth. Mre particularly, a second
sub- di vi si #ithioe scopsd theidisclosed subisctynatior ate ingprpgrateddesnia time sl ot

1004 with ct to rrespandi [ - di;vi.Sion ;

1012 in tniSPRF e ¢ ik d7GERERA0 LAl b b hRieR b R iy
1008, 1010empyzhd mulsiphstafeiwdnky heppidding hanifreabencs hop@l usegdeaier
than) or below (e.g., less than) the centerline 1014 as the fjrst
frequency SeRsedarce ik futins asnastso A TEMIT wiikansieserherldiersn gas igalugde at least
above, res ] t [ . i . Proyi e
of such o Shy pttated §OIES6RIT0L PRrdl i SRy B Ro g L
al | ocat ed tevmiand casbe $hiBeflimarfoyqusndy-velitlv respamn tdlBO 8wo nlotshiel 0R) t B4 tbifielitate
sl ot 1002 i.s depi %t ed as trgéﬁﬁﬁ@%% across the frequency centerline
1014 into H°AFCY PPPRIBRENEYSSTHMASYIBRM12 in the second time s ot
1004. Mor e gl i cul akdkggyed dndpthiidpRUD 'c‘éh%ﬂc%ﬂml‘&@%ﬂicﬁn%%ﬁﬁ% gl y
as far below (e.g., less than) the centerline 1014 frequency ih the
second ti mdiwsions it@0Aogzotsenfliassgnisg bkelsuh-divorons 00 8ici gowgisdv e padicglar
greater than) the, centerli ne 4 in the first ti | o 0 in

a6 cor dance TRYINEY AaRSHBARTETHER) on Rgtihy sy B Bog b SPody mee.
addi tion t ene f@ubid LdGisiond 1 108, 11 IAASRA8A IO chteeAYR APYrtRORP FBGuaaSy
depicted at Fig. 10 can mtigate or elimnate non-continuity of tone
assi gnnent (¢&acenéerHne Bediengl x danfespe frstgeouwpy and Gegionex subrdigisomey 112,

hoppi ng. A fr C - diLVi 8] 1010 he fr enc
Dt o o PERPE SRR HE LB FRgL0L0 sHR80A OSeRHA o
cont i nuous instantfe dehteslind fréfRietyotnof dpicted Ibabveh subdensibiansoesdd 112

across the frg‘guency spectrumcenterline 1014 into the second tine
sl ot 1004 &% elBeifeisubrdapyoReroupe Brigcwthen syhatiyisinsd 108,38 op highsr

still cont %&gﬁ%ﬁgk@aﬁttﬂgcéﬁ&ﬂﬂgcéﬂ S (;1{%943a(§£‘?/itﬁinrs%§- itisions lower

contiguous t ssi gnnent constraints required for single carrier
transm ssi dnlzdn 1HehanBe pmeshne fequeyicytaoformigangposl tSubrlifiseqsefeagh

hoppi ng as depicted. It. should be appreci.ated that other exanples  of
minor tran iqapaﬁfo#GEISBQWMFW%@&W i £RT FFAERIC, 216t é@l@f}b,ers

havi ng addigtfsRpat «of [ SRR YsicHe198 Vi 13bOoTE12, M4 inR) t%ofér%é%ﬁhcmde {1,
division lines, such as quadrant lines etc., or the |7ike) but

r ecogni zed 2y Mure spfcifsdaily ] subrlivikiendd 08 agthaifirsti gnourhendeopembefedt hand sub-

di scl osed subj.ec tter .are incorporated rein.. [0078] Fi 1,.
ept ot an bgsp bIToLFE AR Erosh n PEolirBend antt Sioslondiihiptipr fshion,
enpl oyi ng @utb-Hividiex el f graEISRENd BRRPREN BOFumBaTd I QY SREYIVIRPEM 4bTele
data in accordance with further aspects. A TXMT unit as described

her ei n can s¢99af geapaenbeagmbeind % i me based sl ots 1102, 1104, wherein
data corre ing t [ YA arf4nCc .nal - i.fted
ot oquenddTi s n°r o 2ol SRS Bt oB7L iof 1 24 5Pt BB Bl ¥
frequency hapRi RathindiaBrebCeoMN nNvthe Gs@Atecond group) can be allocated to either
FHS transmission or FSS transmission. As depicted by Fig. 11, sub-division 1108, the
first sub-division above the centerline, is allocated to FHS, and consequently data (e.g.,

Data 1) agsociated with the first sub-division 1108 is shifted to the third sub-division



[0079] Frequency hop nultiplexing can incorporate dividing frequency
sub- leISIOﬂS into two groups and assigning |ike sub-dijyvisions of
the groupO #W¥8/40834% ¢ i cul ar frequency hop schedul i ng (FHEY/Ep2007/073112
frequency sel ective scheduling (FSS). For instance, the frequency
sub-divisions 1108, 1110 substantially greater than a particul ar
frequency (e.g., centerline frequency) can forma first group, and
frequency sub-divisions 1112, 1114 substantially less than the

par ti cul ar 1 {regyRNG osfllof OI0A ThHe ﬁﬁﬁ%ﬁ t& 5 Bivishay 11'1@5ﬁ1@@6&’nd%ub-
centerline frequency (not depicted) between sub- di vi sions 1110 and
1112 can déivismeawighisgooub ariesis olafige e, iDathgdwicd hé FSS dnddionseguently such

one. " Data Bt K> Ca- 2o Dieelediaic TR S8 v ERni T hEhTaRi Ris

frequency ¢a flalmMik@RtHRet WB-ditdlmdl V191 IRsouf w3l sab-AnRsieRD 18l $ef be
listed with a common set of nunbers. For exanple, a set of nunbers

suf fi ci ent 21oYp twe eresallocated tosFidH end F8 schedubing, raspectively 4t shaudd bavo

groups can, u 0]

She P r ot ahSHeg mefonl mrRRRASRAREL) bR (e S MR HALRNGAY, DL,
group can bﬁltfpﬂéﬁ%ﬁﬁﬁ@{ué’ncﬂmppm@; &ﬂ&sb@ﬁddﬁeﬁdﬂbf madd RsdWiom, one of skill in
sub-di vision 1112 of the second group can be numbered 1 and

sub- di vi si B 21tibrawer ok the cxaeRpyageealss Baisit areinepeigtpdantothoathjachch
sub- di vi si g é&%? 1110, 1112, 1114 assigned to |like nunbers (e.g., 1
or 2) withrn ‘erent groups (e.g., the first or second group) can
be al | ocat {m;sup e| t hEig RIS ustrates missmpleracesss FEaSital dras narsigilon . fredsency

depicted b -division 1108, the first sub-division above
The Cent er homutt iirkink SCSFRUE b o RS igh afcEBiug inumiat e dapeel dRoos

Data 1) asgpghal eSH0MIhrisBEar AftSinaSIp2 QL. '5&@931111%% ke"ceﬁr’a} {hfa%c&oestahe
third sub-division 24 1112 in the second sl ot . Data all ocated
t o sub- di viighdrind peformtigpsecutidnsubtiyi Slitan mmltiﬁnesx d@mapmwﬁe @s) the

defined above, is. s ul.ed fis FSS con uent suc e.g
Data ) |9 Rsret Sefte spatitryh Aucoi B SRANG DGR TS
second sl Ofreddddtly-shifted allbdeBioRR OGS dﬁﬂéthcﬂisyh?h@ﬂﬁ} b1 U3tsQff adf@bRiskiv
and sub-division 2 1114 of grou are allocated to FHS and FSS
schedul i ngallecaspegnit (asluge in & S§fP§hMe$ mélrléﬁﬁfﬁné@isamédortfh@%@tAﬁ@ﬁenm@r%@
of frequen

frequency odgmﬁg a§&§5%3?ﬁgggb%gF%F%P%$gna tg%mggegg%ﬁ%ﬁé o OVI

in the art tikyn wayprotestdiel 208 dvidvatiadon.i Brokadses] J06rcah be adiccessor dedlcated

i ncorporated into the subject disclosure. 081%; 12 |IIustratﬁE a
sanpl e acc&s¥alyzing infarmetien recgived by ppteang | o e
SC-FDMVA tr 0 Cit

Cormnal 1000 Lanat Py BEARHEEI I, Bl SroBRREAERE i GEE processor
recei ve) t tat corgmds mr&n&egnmﬁ:om eactexs nmnﬁgrq:hl@m aadfor epsocossor that
(e.g., filters lifies, converts he recejv si gnal .
Speci fi cal ﬁg,alyaq%tlr@'%aa‘fﬁw% i Sioed 20 fecnbiets miprBAOndP s R on
frequency-§ n?'hfaﬁﬁﬂltt@f lﬂ%aﬁﬁ@ébﬂol%ror%r@cé’tﬁf:&t?e%tsaofﬁlcws@kérﬁﬂna@fl2@1 ots
of a transnission allocation unit for use in a SC FDVA uplink

transmi ssi Mdltmnaﬂjq@w::ek@r 1206 eamexet@0 nstactiarsipr intepratine amdlidcation

1204 that cgn nodul at e recej.ved nbols an .themto.a

or ocessor TIBEUEGRK Gyt BRI ErHRELRO ¢ od0 § g tiony B e
dedi cat ed tgogapal yzi pngctRi@uimdi1000 eAC/RIVEHhalY cafbefNBcrhdB2l MBAAANS
generating information for transm ssion by a transmtter 1216.

Addi t i onal Ppsrafivaly eeunded tpaueccsson 1886 angihetemsrre dpfatto bo frepghigedne or
or € compoi c@fv%d a{ndatﬁé: fige IE/I%{n %g%torgﬁ%%iat%n %18’[% ?(? Q 11rPJIaeffoc tion

anal yzes | I’ﬁ I'mation recei ve enna nera 1 on

for transnidss] gdtdeylistioamsiiehéned ﬂraél@ncﬁﬁﬁb;ﬁﬁg‘] tpf(ﬁbtsol@fvi‘ oeganmi)mgedata within

conponents of access term nal 1200. Additionally, processor 1206 can
an allocation transmission unit, de-multiplexing frequenicy hopped data, multiplexing

frequency hopped and scheduled data in an uplink transmission, and the like.



operatively coupled to processor 1206 and that can store data to be
transmtted, received, and the |like. Menory 1208 can store

i nf or mat A28 to uplink allocation data, protocol RCHES2007/073112
i npl enented frequency hopping, protocols for organizing data within
an allocation transm ssion unit, de-nugégplexing frequency hopped
data, multiplexing frequency hopped and schedul ed data in an uplink
transm ssion, and the like. 25 [0083]It will be appreciated that a
data storeygpgsp- . MERIN b%%@??ecﬁ?eﬂ%ht%ti‘ﬁ&%‘ (B gS MRty abb§)lescribed
volatile menory or nonvol atilTe nenory, or can include both volatile
and nonvol htreingandrsither Batimpesiory bt ngwvoktilcongmaryd onesn ihelnile bathon,

RO bk S BR3P S St B 00 MBI b R TR
erasabl e PRMor{FERREMude BfadlonBsheMBADROMYPrédhinthaBRROV @RONMC! ude
random access nenory (RAM, which acts as external cache nennrﬁ. ﬁg(ﬁ

way of il | elsetrigelboprogranmaltle RON (BPROND), eiagirical lynsrasablediROMA(

forms such j ( , ous
oravt ( SoRalp BTERe Ve Ao sl A AR r A
(ESDRANV , Sytneht:itedeal2en fSBRAMBY wandf dluseationRarines iIRAMiGDRROM)is The
menory 1208 of the subject systens and nethods is intended to

conpri se, @raikblern panydomissuclas sxmchionaseR AN (HAMot HapmigRAYD(RRAM),
t f ”?\HR f Iﬂﬁ(ﬁpﬁ[ﬂﬁ@ i

cgggfeg to schg Sngﬁ%Q@gé?Eat %gﬁéggggﬁfgg%hser at a ??Fgﬂgi%nhmmed
t ransm ssi SHRAGVAERBRIAY),iSynaldmdrRRAYE(SLDRRAMYf ardndtdcoRambeeRxdt by

antenna 12 re ecifically, .schedul er 1212 can frequency-shift
ser dat a (PRRIMI) TIRIPEHITS10 6f B ShEct pafaRod S (o HRRLE by
substant ab&lﬁgg%g whdbdit &ﬁ@i&ft&ﬂé&??{éi’e Q%%@mﬁé? sﬁ‘ﬂtéiﬂ&%_@@off @émHn?;‘. i nk

transm ssi on ., provide for uplink transm ssion).
Furt her mor 0084lich uséntatat 4202 earbiarthél lwoaesdively donplgd émschedilef 12d3 that
sub-divisions of the allocation unit.th are transposed I.0OSS a.
Sent er | | neCHt BgHuAR yseo 2% o diruniyssion fRin R hotn SbRrdat i p RO on
transm ssi edtedkl 0Gahichila VU -MBIQQ?@&MS@ sdHRAuId2 L2 2can fﬁﬁuéﬂdzgtshﬁ’f user
coupled to a multiplex processor 1210. Miltiplex processor 1210 can
sel ect bet detenvithomdiffeseitsloesoldhe tronsenissien dajnpackahky subsiguienbyonstiatitod g
user data | 0 Q.M | SI.Ss] on i ded
by & compofSAY Cary ot LioBa B8 Aol phhARSTLTR TnBFOER FURLRC.
sel ect ed byDn& thmbhispbg) Rirtheasse suehnsdelap avitdatot fedfesdubery sh2ied
for incorporation within a transm ssion data packet. Additignally,
mul ti pl ex prodveiens of shapllogatigeuBhibatare Fanspossiasress aieristing dsayeicyod 2
¢ . e _ .

0 access 1%gﬁésng§ri%ﬁh%9?{]%k9ﬁﬁké w?ttﬂ%eeﬁlaﬁsﬂ‘g§ ﬁi&llok%ﬁ]r@ﬁcess

t erm nal er conprises a no uS at or 4 and a
transm tt ef0MB816 thaSchedaiesril3 can Isd fpntabr domplpd,to b malltiglex gromessor 1210.

transm ssi dat a packet or instance, to a_ base station, an access
poi nt , anompgﬁﬁé’ §SSP’é&17-quﬁ%ﬂn,SC Ch t& wé#ﬁ?quegﬁycéhlﬁs&fwsa&fa an

depi cted a%ea&‘éﬂag sRRRALSLRlald AT L arRE %ﬁﬁaﬁﬂ[pii%@%ns&fssibﬁ séedbR provided
appreci ated that

by a component of a wireless network (e.g., base station). Data selected by the

multiplex processor can be provided to scheduler 1212 for incorporation within a
transmission data packet. Additionally, multiplex processor 1210 can be operatively
coupled with memory 1208 to access multiplexing protocols stored therein.

[0086] Access terminal 1200 still further comprises a modulator 1214 and a
transmitter 1216 that transmits a signal (e.g., including a transmission data packet) for
instance, to a base station, an access point, another access terminal, a remote agent, etc.

Although depicted as being separate from the processor 1206, it is to be appreciated that



26 nmul tipl ex processor 1210 and schedul er 1212 can be part of
processor_ 1206 or a nunber of processors (not shown). [0087 13

Fi g.
is an i | WRELIBH of a system 1300 that facilitates freqgil 97%73112

hoppi ng in SC-FDVA environnents in a nmanner that preserves single
carrier constraints. System 1300 conpriges a base station 1302 (e.g.,
access point, ...) wth a receiver 1310 that receives signal (s) from
one or nore nobile devices 1304 through a plurality of receive

ant ennas  1306;p1&Nsko8eskérains Dlahd S¢heddiéA 14 8dantedRR B Hiock&ol MRS Afmber
nore nobil e devices 1304 through a transmt antenna 1308. Recei ver

1310 can reltmioeessomimatshewon from recei ve antennas 1306 and can
further co Lse a skgnal .recipi.ent ot _sho h recei ves uplink
dat  schedlUBA - acklr saiva e Flioned BrifS LR iP esh B SR HEdePo
provi ded bjolagLinHEEFDMA b30idonrAelid tn ORakhlcY thak BE&B8ENVEY siddd Qadrisr
operatively associated with a denodul ator 1312 that denodul ates

recei ved i pnsHAats SysteDeiompsigessypasoetion &3 Qe g 2Aseess poutpr.o satisor
1314 that fe%el?rglufg I%qhit(%ﬁ%eéﬁ %ﬂ%ﬁ&ézﬁl&n E}péa&r I?lhfa%{lﬁgbﬂen&e%c@tl 3(941thFo§Jgﬁtae d

to providing freguency a manner pr eser ves si ng
carrier coplatalay of Rceifrc antShdsDVH6 tand RS nsiten 1 3P4 dit gimeigto thietint odf
a transni ssion allocation_ period to determ ne | ocation_ of user data
with respeBore Bohils deviges ﬂé& Hepugy g rasmitigeaar 440 eRgrsaver 1l HYtasggeIve
hopping te L : 1Y '

any ot her - CEoPEASB o SeBRE R En NG YRY Sor ARG BT RS el RBRIAH (o
act i ons anshdwurn)chat oersives iplinde ddta bebedilnd i 808RkRrcowls 8 tranditsion sllocation

further coupled to. a tiplexi r ssor,, 1318. th can divide a
{r anem so1 B rORSEY Bh be ORI 0%, ATGBSA g i HURAPERSIdY | he
time based;@bahRdRaNE: GertldtlAbd fMZQﬁat‘:ii%%gHﬁﬁ&X &R iMbShARS:

Addi tionally, nultiplexing processor can frequency-shift one or
nmor e frequBroydslateddiymbsisansamotyzet by apaersaios 4B fhthat isgoapled o umiemory

relative t h, ot her.. As a rti,cul ar. exappl e, frequenc

subedi vi si HHEO it Sore pprmpine Mgt e R ViSRS RPaehey BOPRUTHSARESF fhpt
hal f of a pfeasos 9410 barbieneMsahintsi of aBCEDMA thah §RisSibA proRiin@lanahel Yf a
or in addition, tre;uency sub-di vi si ons can be transposed across a

cent er | i netrprsagsfopicsilosptiomperiadd detseping deraiipd phues defe ivdthagsnict 9 & he
t L1 ne o ) = : j
e o AReiPk 0SBk LARs byl el KR hilug LORARIS Ty by,

first frequanigiosditone hasiginntshndiof dnySdthdrisuRalst biforandion raaee el
frequency suh-division of a second subsequent tinme slot with
addi t i onal PeréumiRgthg varipecastiens vyl Losians set farth hewyui val ent frequency

sub-divi si giggpssoci lfdst {148 fudtl ek SbuftdfioSARRPIddd St Rt 1318 hat

can divide a transmission allocation unit into at least two time based slots, the time
based slots have a plurality of frequency sub-divisions. Additionally, multiplexing
processor 1318 can frequency-shift one or more frequency sub-divisions of the
transmission allocation unit relative to each other. As a particular example, frequency
sub-divisions in a first time slot can be shifted by substantially half of a transmission
bandwidth in a second time slot. Alternately, or in addition, frequency sub-divisions
can be transposed across a centerline frequency of the frequency bandwidth associated
with the transmission allocation unit as described herein. Moreover, the multiplexing
processor 1318 can integrate user data allocated to a first frequency sub-division of a
first time slot and a second frequency sub-division of a second subsequent time slot with
additional user data allocated to substantially equivalent frequency sub-divisions

associated with the first and second time slots.



[ 0089] Mul ti pl exi ng processor 1318 can be coupled to a schedul er 1320
that can_allocate a portion of user data to a first frequenc

sub- di vi QOHBPY4% i rst tine slot and al l ocates a subs QH?XJBB?"?F%

of the user data to a frequency-shifted second frequency sub-division
of a second subsequent tine slot. Additj-pnally, the schedul er 1320
can be coupled to the transmtter 1324 that, in addition to the
foregoing, can broadcast information related to allocation of the

first port[@@gpf UseMﬂ@l@xiﬁﬁ'ﬂro%QgsBF Fﬁl@ah%%ﬁ)hﬂ@dﬂia&dh@dﬁ@ﬁ% that can
portion of user data to a termnal device for use in a SC FDVA uplink

t ransm ssi aincafeGOg0liomobdi datate & &rat reqhiancy gub-diy sign obelisbiime3iod agdin
eval uate a schedul e, of user data,to identify.the second,fre nc

sub- di vi si BIBRS R SaRaR Foutted dirowe fithte & fisdieny il bR figgoncy
subsequent soditis@h &ffa sebdhdipBicqightaimdlbe Aaditibellyathe ¥eheldRr PRTEEHIRY
1314 can determ ne whether the user data is allocated across a

cent er | i necofpled torthmbarsariten 384 Heni inrrddisien de thatfegeningheaphsoadcast
transm ssi I ' e r (e ' ' .

mur 01 pl oxt O BIBERULEE 18 Moot oPiE &g AT LA G ad SonRuocuion.of
hoppi ng st atsegingdSotiiorpsfaser da & Hghainabddvi@r fot aseshdGFDMA uplink
descri bed herein. 10091] Referring now to Fig. 14, on a downlink, at
access poi ABEDSTMEAON.g transmit (TX) data processor 1410 receives,

formats, c inte cfi‘?%' I '
data and pﬁg@?hes @Q{q%glﬁ%ntogg%o Lﬁﬁﬁ ?g‘%&s@%@%l s'i )évgﬁggan%g?&]ﬁ_é 5
nodul at or  {izkt Yateee édentfy thndeqond degserytshie-ddasian s/ tibst@ndsubspihot time
il t1 pi exesohaaraisde hosubayBenaicna b bt B8 MhPEgeRety Rt (¢ or
uni t (TMIRY 1420y 15&%@%@%{&%@1{@} ﬁﬁe ﬁs_ézlndet%@ isaldRh@d ayokol @en@eﬂt%é ta

synbol, or a signal value of zero. The pilot synbols can be sen
cont i nuous trgndnmisseerc barstyitiblasgetatavitiTHe tpinkwissoprablotaiopamithél such a

frequency diyvision nultiplexed, (E ort nal frequency division
AR eSS S R e R S R
di vi si on makhhdic@Xx6pbiff BMtegied toGReRre gt Batrittkddns@hiarned désbkd herein.
[ 0092] TMIR 1420 recei ves and converts the stream of synmbols into one

or nore andid] si gnaRsfeariog new tnEig. dbran 2 dowrlinke aprcoesqppint  #@% a transmit
fownt| ok ] ARG HEIGEOH PERINEGS) 2080 IR RL Sl ARREEARE ©

downlink s I ansm SsSi on over fel'ess ¢

The downl i B§kmBbignas) irsffichiate dndairsvitiéd modildaugmbals Edite spabdligds A o
the termnals, At term nal 1430, an antenna 1435 re%i:i ves .t he
downl i nk sPYRBYL medlgPhIAldascavessad pirsgssss gwéawt&yneb et syimbqls and

(RCVR) 1448{0\5?6%@ sYr%ﬁmlb@E§m%§1§l.oA 5%%11)01 modulator 1420 multiplexes data and pilot
symbols and provides them to a transmitter unit (TMTR) 1420. Each transmit symbol

can be a data symbol, a pilot symbol, or a signal value of zero. The pilot symbols can
be sent continuously in each symbol period. The pilot symbols can be frequency
division multiplexed (FDM), orthogonal frequency division multiplexed (OFDM), time
division multiplexed (TDM), frequency division multiplexed (FDM), or code division
multiplexed (CDM).

[0092] TMTR 1420 receives and converts the stream of symbols into one or
more analog signals and further conditions (e.g., amplifies, filters, and frequency
upconverts) the analog signals to generate a downlink signal suitable for transmission
over the wireless channel. The downlink signal is then transmitted through an antenna
1425 to the terminals. At terminal 1430, an antenna 1435 receives the downlink signal

and provides a received signal to a receiver unit (RCVR) 1440. Receiver unit 1440



conditions (e.g., filters, anmplifies, and frequency downconverts) the
received_signal and digitizes the conditioned signal to_obtain

sanpl es. WO ZWRAB *Yenodul at or 1445 denodul ates and prov’i’%’sls%o%%r’is?ﬂ@d
pil ot synbols to a processor 1450 for channel estimtion. Synbol
denodul ator 1445 fiirther receives a frgguency response estimate for
the downlink from processor 1450, perforns data denodul ati on on the
recei ved data synbols to obtain data synbol estinmates (which are

esti mat es @fndiifs (& aNHltkis! 1@&%%@/@&9@? dRNEORTQK) BRT cédieddidiAl and

symbol estimates to an RX data processor 1455, which’ denodul ates
(i.e., syntigitizdethepohditide¢daigral énoliain samilege dowerbol Hemeditlatos i4dsol

estimates Lo r ver the transmtted traffic data. Th cessing by
oymbor derdtrSESF S ueR0Yed Birbibon fo Dl PE PR B ERIREE,
to the proggmsitiog. Bymsyrd@hodimasy Blefurikkl Pe@iids HfredatityREoaSS@timate
1410, respectively, at access point 1405. [0093]On the uplink, a TX

dat a pr ocefsdhe dovadinkfere peasssser 4450, perdenmy datradgmmasilagion oadbaressinebaa
A synbol r i . [ ;

o th o1 of S oot R R AR TR R PR AR GiRR e
synbol s. Asynilanisaid movides the H4#AGyhibehestiatwdsve an RINId4i4 parsses 1435 which
stream of synbols to generate an upl.ink signal, which is transmtted

by the ant &¢meduates(ies symbolemeps). geinicrlcavessrndalseedesithedaty synipl

link si ! . _ ) \ :
IUIEI)C; udes:c ?equea?\%;{o E%Sg?rntgg %@%@%g Frl;s\éfﬁacgja%s cri fﬁgée%ﬁgg ﬁeJ? nglowi gtﬁ?d%r
access poi iM451ER X ilhta pupdesste 145 §) sadonfpl@merttay o thel praek3€ing by spebkolved
by the anten 14 nd ocessed b eceiver .unit 1475 to tain
Sl s ATOURBEI TAnBULT S RS AR fro it & ettt et g
provides ragesyed pi bRtnSYNRR & TaNGEBiRSYM A0 Igééés%ttﬁﬁﬁé Qlta bilE

uplink. An RX data processor 1485 processes the data synbol estinates
t o recover provales daffsymbadlat & symzhed modukibroy6s esoriveahnd dmBliplexepthsclats or

1490 perfor hannel. esti.mation. for e .active termnal
Cransh o1 | PO PR PUGT SRESL PETRTE mamifcly erd B vileShfirem of papbols. A
concur r ent {r¥ngaittéheiupl7onkerORcdiNG dndReqRes heestReS RPMbER LS g@iertt kit
subbands, where the pil ot subband sets can be interl aced.

[ 0095] Pr ocBBlindr sguphovhighis tiapsmittfidrbydhe pricepa 1438ne thelaccess ppit A4d%,
o) o enH s )
Teopact i verhloitBSie APudt SB6A3RT b H foottiRe: SR eqhlidens oy

W t h nmenor yanlintkde (Reicnsh Qvpping hrthationeasplesgitzthhentdies and dat a.
Processors_ 1490 and 1450 can .al so perform conputations Eo derive,

frequency HME4] npul st erspopriat KW tarednk gendieom fprmmal P g sesivcdiby
res pectO'F Vel antcada 1999 Fbc &s Sy & REACGES B4 BUS b8 Smthles. FCaMM

FDVA,
demodulator 1480 then processes the samples and provides received pilot symbeols and

data symbol estimates for the uplink. An RX data processor 1485 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1430. A processor
1490 performs channel estimation for each active terminal transmitting on the uplink.
Multiple terminals can transmit pilot concurrently on the uplink on their respective
assigned sets of pilot subbands, where the pilot subband sets can be interlaced.

[0095] Processors 1490 and 1450 direct (e.g., control, coordinate, manage, efc.)
operation at access point 1405 and terminal 1430, respectively. Respective processors
1490 and 1450 can be associated with memory units (not shown) that store program
codes and data. Processors 1490 and 1450 can also perform computations to derive

frequency and impulse response estimates for the uplink and downlink, respectively.



CDVA, TDVA, etc.), nmultiple termnals can transmt concurrently on
the uplink. For such a system the pilot subbands can b har nong
di fferent"? &IBOREFE . The channel estimation t echni ques Eﬁﬁ“ﬁ@ﬁﬂﬁﬁ%l%n
cases where the pilot subbands for each term nal span the entire
operating band (possibly except for theypand edges). Such a pil ot
subband structure woul d be desirable to obtain frequency diversity
for each term nal. The techni ques described herein can be inplenmented
by various[gusans. FoFoeXaRlRe-adRESH steCRY. REFIIA. PEMATDEDEM ed in
hardware, software, or a combination theréof For a hardware )

i mpl enent alOMA, TRMA, efah mdtigiedemanals aanalraymitoronperentlyiagi theiplikd For
anal og, thguc‘f{af"%t%%{ ae md %&b‘éﬁ&dca{n%re sﬁgl%ﬁ Wlon ﬁif%erif@ﬁt't%i&ﬁg P& channel
i npl ement ed W t'Hi N 0ne 'or ore application speeitic 1 ntegrated
circuits (ASifgon tei@idual cail ghaded ik sesaaEs tROSRE bubitings forlead @ainal
processi ng devi ces (DSPDs), programrable |ogic devices (PLDs), field
pr ogr ammabbFanghe entie eagatipg: osshly sscepbias thebandedeesdr Such a pilot

m cr o- cont oys , ' ' '

o per for mehar S R EEaARa G ORI RRh L Bt b SR EE
Wt h sof t wahe technighesastdlidddrraapabee intplaugitedrbglubrémis (necags., For example,
pr ocedur es, funcﬁéons, and . so on) thaggﬁerfor t he functi gns,

descri bed HPlRMMiTHeS EBPEHRPIEMEBTEID BaH EE: SelbvaE. ¢ GRsrRIRarionhereend
executed byt Qﬁarﬁ{nﬁfeqﬁrga@éﬁe&ﬁ%(ﬂ, ﬁ'ﬂﬂ:h]cﬁége d%g@@?, ZLAIB%,'O? bbfh ABital and analog,
odi nents” de e n be i

understood that the e scri bed rein c | ement ed

i n har dwar ¢he motdswag enitf iserhfiar dhanmdl detireatenmesanrve¢mpeodatedorittampne or more

sui tabl e conmhi nati on thereof For. a.h e.i.npl.enentati on ..
o beass: ng domibon Skel hefasi i B SHR Gl SRR e AR gligia
specific i g if ' D giner oS g8a

(DSPs), di S{g{ﬁ alﬁg%g%a Hﬁ“r’%ﬁ?f ngss;gjg(\b/%rces a%%lsg%g)a? E?%g?gﬁm cg | ogi c
devi ces ( Pbmxgrammpble gajsraogysatri{bh®, pracessensy copsrollemPanyo-cortsgisssor s,
controllers,. mcro-controll.ers, .mcropr.ocessors, other electronic
units desi GHEGPIOSCHRFY 8@% ?lﬁ%f%ﬂacn%%lfsod%@ga%%%rqe fSH“f’ﬁ%er %‘Fﬁt}"“&rde%c“bed
conbi nat i oRefehibedtomhBRABiVer:of Bvigindoeshiafe M fleaictatiop baneniheschghn

software, firmvare, m ddl eware or n crocode prgq%ram code or code
segnents, Tsplesingparosediey fnelignsrgathpoeukthaidssiorn tctugsiionsdeseribed o

storage coRpanenty. AaGAAL.ARINRY. S} PREEREMnifall QEEUUA By R

function, a subprogram a program a rou a subroutine,”a nodul e,
a sof t war e ppaeksacel 498 antldds). or any conbination of instructions, data

structures, or programstatenents. A code segnent can_be coupled to
anot her cod®*dégnent ?fo‘ls t%.ge ‘Sgeﬁ%?%iﬁetgﬁ F?"g'ﬁ‘i%fne%? dﬁé%rgheﬁ &e%?%%e
recei ving iR RIIBH N hard@afh, sGOARERSwarl AhRIIRLAES milfocHETBE ¥ny suitable

contents. Information, argunents, paraneters, data, etc. can be
passed, focombtheton therdof.ahsmna hardetargsinpipnzmyation] tha lpteeesspamsniismah bei ng

har i i t . I. t K t 1 i
ctc. { 0090f PREmEEAR it BUY PGP LCTIOR P ae eI euT B a8 e Pl
her ei n can sh@al fBéRRNBIPH dibitiRHESrot&sBig, dePlcOSESRITRS, prb HRFnBNS
and so on) that performthe functions described herein. The software

codes can egiederess (PhDak figldprogriamsmabteigasx ectisd HP G s noreswoy; sontiilers,
menory unit_.can b r.Qce sgr.ord(%xternal t

m1?ro-(ion?rﬁjr%eg§ | n%ﬁ:?@ﬁrggetsg\(ﬁ)rg#ﬂgertel%gtr nicunity designed o b riforam tthgo
the processor,” Tn hcase C e "Ct ica fc ?)e t he
processor Vingtias dBUSheERREn A6 d Gonkiigadnithertdfe art .
[0098] When the embodiments are implemented in software, firmware,
middleware or microcode, program code or code segments, they can be stored in a
machine-readable medium, such as a storage component. A code segment can represent
a procedure, a function, a subprogram, a program, a routine, a subroutine, a module, a

software package, a class, or any combination of instructions, data structures, or

program statements. A code segment can be coupled to another code segment or a



[ 00100]Wth reference to Fig. 15, illustrated is an exanple system
1500 that_provides frequency hopping for SC-FDVA transm ssions_in a
manner tﬁ%f?mp??’@gsgﬁ/es single carrier constraints. For e&‘iﬁﬂg@,ﬁwg?%{zem
1500 can resist at least partially within a wirel ess conmuni cation
network and/or within a transmtter suciyas a node, base station,
access point, or the like. It is to be appreciated that system 1500
is represented as including functional blocks, which can be

functi onal phlieekscitciAtby PSS alorf s ihS RForniaHo 8BRS, Qeknien®s, parameters,
processor, software, of conbination thereof (e.g., fiti ware).

[ 001011 Sysoememsgocasanty. ofaurmetien, Frgiuantsl paramfetsys, diatpi efc mgnde passed,
transm ssi gn _all qcat.ion i.t(s) into. | east. twe. time based. sl ot
the time: bageaefofte it sy s Pty mERE bRk e P SRR B

i nstance, paghhgSteRedpaskBonsweatradaliddta, acportion of total system
frequency spectrum bandw dth. Furthernore, the sub-djvisions can he

frequency EH9Pt ed wi For ¢ sofpease implemeniptipnihe terhriqusslesrribed hereimesne
pert ai ni ng.: j: al i
R e S T A P
an SC- FDVAfigitiotisodesatiied lrgcinleThe sdiachrd eddsls Ran M storesiie eiehtorguihiys and
frequency sub-divisions of gne tinme slot can be shifted according to

a linear c§ecpieddpimreceisory FRamerert wiks- ke plenymtedoythin heRpcqssorer
slot. For , hOF : : : ]

(g, supSraml & pEpRefssbit Ahicht j ESERARARLINTL AN e
utilized t prdcesseaviaywasbuid mednsagidnowmsinbhaarti sions within a tine
slot. Alte ively, .or in addition, .frequency sub-divisions e
shified by QHIDDY {7 ahlyisk oot didtes, DESEERTY e uanlesdree e
€.g., ONne QfoviRk%cfRdcs®BpFhe dor SOEDMNGINSRisGiohelnld Rhdne H preserves
quadrant Line, and'so 0on) of spectrum frequency bandw dth. In o
addi ti on t eingleecafréar eguitragnts. Bar expesplse sisjern dpfechnandstrad leastrnactirdycyithin a
hopped sub-divi sions can.be | &1 plexed within one or,nore ti sl ots
as descr | padeas eommoigRiotudyemandih i h Bt EEr endP el Betur e
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total system frequency spectrum bandwidth. Furthermore, the sub-divisions can be

frequency shifted with respect to different time based slots. Data pertaining to a service
can be allocated to frequency shifted portions of different time slots to facilitate
frequency hopping in an SC-FDMA environment, as described herein. More
specifically, frequency sub-divisions of one time slot can be shifted according to a linear
cyclic shift with respect to sub-divisions of another time slot. For example, a portion of
total system spectrum bandwidth (e.g., substantially half, or a third, or a fourth, efc.) can
be utilized to linearly shift frequency sub-divisions within a time slot. Alternatively, or
in addition, frequency sub-divisions can be shifted by mirror transposition with respect
to a centerline {or, e.g., one or more non-centered lines such as a tertiary line, quadrant

line, and so on) of spectrum frequency bandwidth. In addition to the foregoing,



can include a nodule 1508 for transmtting data to a termnal. For

i nstance he | e 1508 can transmt information rel a 0

al l ocati 8 8/30%75157' st portion of user data and shifted é{$1d/8é?§97/%7ﬁllc}f

a second portion of user data to a ternmi nal device for use in an

SCFDVA uplink transmi ssion. As a resultyythe term nal device can

conbine low interference and high diversity properties of frequency

hopped transm ssion with | ow PAPA properties of SC FDMA transm ssion.
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frequency sub-division of the second subsequent time slot with additional user data
allocated to substantially equivalent frequency sub-divisions associated with the first
and second time slots. As a more general example, module 1510 can multiplex cyclic
shifted data with mirror transposed data and/or with frequency selective scheduled data.
As a result, system 1500 can provide frequency hopping for or non-frequency hopping
simultaneously as required by service and/or device constraints.

[00105] According to related aspects of the subject innovation, system 1500 can
comprise a module 1512 for evaluating a user data schedule. Particularly, module 1512
can evaluate a schedule of user data to identify a second frequency sub-division of a
second time slot allocated to a portion of user data, for instance, with respect to related
data scheduled to a first sub-division and time slot. As a more specific example,

module 1512 can evaluate a schedule of user data to determine whether the user data is



[ 00107] System 1600 can include a nodul e 1602 for receiving frequency
shift information. Mrre particularly, the nodule 1602 can receive

i nf or mat MEh2008PEI#EI t o frequency-shifted all ocation of RSEVSHATE3112
across a plurality of time slots of a transm ssion allocation unit
for use in a SC FDVA uplink transm ssiap. Furthernore, system 1600
can include a nodule 1604 for organizi 2% uplink user data. For

i nstance, the nodule 1604 can organi ze user data into a transm ssion
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claim  34system 1600 can include a module 1604 for organizing uplink user data. For 1nstance,
the module 1604 can organize user data into a transmission data packet in accordance
with information received by the module for receiving frequency shift information
1502. More particularly, the data can be organized such that it is frequency shifted with
respect to a first and second time slot of the data packet by half of a frequency
bandwidth of the transmission allocation unit. Alternatively, or in addition, data can be
allocated to frequency shifted sub-divisions of the allocation unit that are transposed
across a centerline frequency of a frequency bandwidth associated with the transmission
allocation unit. In accordance with still other aspects, data can be allocated to the same
frequency sub-division in the first and second slots. As a result, system 1600 can
provide for various frequency hopping mechanisms, or no frequency hopping, as
required by device and/or service constraints.
[00108] What has been described above includes examples of one or more
aspects. It is, of course, not possible to describe every conceivable combination of
components or methodologies for purposes of describing the aforementioned aspects,
but one of ordinary skill in the art may recognize that many further combinations and

permutations of various aspects are possible. Accordingly, the described aspects are



THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: |. A nethod for
perform ng frequency hopping in a single carrier frequency division
nultipIeV§%€@§§mWGC-Fwa transm ssion, including: P@%@@F@WW@“z
information related to a transmi ssion allocation unit that is divided
into at least two tine based slots inclfping first and second slots
and a plurality of frequency sub-divisions including first and second
frequency sub-divi sions; determ ning the second frequency

sub- di vi si ' : i rsto fi R
sub- di vi o1 SR I EnRR00RF et Ao RASED pRRif Aol At val LEBMARRNR within the
| east one gopabf therappemeigd elaiys. nByiengomms toctiie kktenisthatfthe farmdureniedes™ is
hoppi ng; sendi.ng.data in the first frequency sup-division aof the
first slotys la%%m%%et%}iqgadeﬁm% o Bk r%’ﬁg fﬁ@yl%%tsn%%\;? Bon of

t he second; : ; & [E18 B0 I Lin o

frequency g%hggfé?gﬁgﬁnggmgg?ggﬁ$%§%migoggg%r aﬁ%gﬁg??ﬁﬂgygﬁ?%ﬁgﬁggt
frequency wbppemgloyedes aviversitionat werd infaorlaret. i on i ndi cates a frequency
shift between the first and second frequency subdivi sions. 3.
The met hod of claim 1, wherein the second frequency sub-division is
determ ned in accordance with cyclic shift frequency hopping and is
shifted in frequency fromthe first frequency sub-division by
substantially half of a transm ssion bandw dt h. 4. The met hod of
claim1l1, wherein the second frequency sub-division is determned in
accordance with mrror frequency hopping, and wherein the first and
second frequency sub-divisions are transposed across a centerline
frequency of a transm ssion bandw dth, such that the second frequency
sub-division is substantially equidistant above or bel ow t he
centerline frequency as the first frequency sub-division is
substantially bel ow or above, respectively, the centerline frequency.



5. The method of claim3, wherein the second frequency sub-division
Is shifted in frequency fromthe first frequency sub-division by
substantially half of the 35 transm ssion bandwidth if the data is
schedul ed such that it does not cross a centerline frequency of the
transm ssi on bandw dt h. 6. The nethod of claim4, wherein the
first and second frequency subdivisions are transposed across the
centerline frequency of the transnis§|on bandwidth if the data is
schedul ed such that it crosses the céfiterline frequency. 7. The
met hod of claim11, wherein the at |least two tinme based slots include

a subst antyipgt CYASMIS VEFININGPRHE IRVEMTIONTERB ASAOBLOWSM th t he
transm ssion allocation unit. 8. The nethod of claim 1, wherein

data from another user is sent in the second_ frequency sub:division
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of the first slo
first frequency sub-division in the first slot and further in accordance with at least one of

mirror frequency hopping or cyclic shift frequency hopping;
sending data in the first frequency sub-division of the first slot; and

sending data in the second frequency sub-division of the second slot,

2. The method of claim 1, wherein the second frequency sub-division is
determined in accordance with cyclic shift frequency hopping, and wherein the
information indicates a frequency shift between the first and second frequency sub-

divisions.

3. The method of claim 1, wherein the second frequency sub-division is
determined in accordance with cyclic shift frequency hopping and is shifted in frequency

from the first frequency sub-division by substantially half of a transmission bandwidth.

4, The method of claim |, wherein the second frequency sub-division is
determined in accordance with mirror frequency hopping, and wherein the first and
second frequency sub-divisions are transposed across a centerline frequency of a
transmission bandwidth, such that the second frequency sub-division is substantially
equidistant above or below the centerline frequency as the first frequency sub-division is

substantially below or above, respectively, the centerline frequency.

5. The method of claim 3, wherein the second frequency sub-division is
shifted in frequency from the first frequency sub-division by substantially half of the



generating a second plurality of SC-FDVA synbols including the data
sent in the second frequency sub-division of the second slot, and
wherein the sent data includes control data, or user traffic data, or

bot h. 11. An apparatus that perforns frequency hopping in a
single carrier frequency division nultiple access (SC- FDVR)
transm ssion, including: 36 means for receiving information

related to a transmi ssion allocationsgnit that is divided into at
| east two tinme based slots including first and second slots and a
plurality of frequency sub-divisions including first and second

frequency vaHnishion tah@@8sh if the data (FRaRFulbOSucH Gabit B3 inBOrésh @ ot
frequency sub-division in the second sl ot based on the first

fr equency Tsawngy of the BansmissiopBagdidth- s) ot and fiirther in accordance
with at | east one of mrror frequency hopping or cyclic shift

frequency hopping; neans for sending data in the first frequency
sub- di vi si on of- t helteimaihodgf glaim 4yivherpinihe firspandsesnad Agausasysibn t he
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apparatus of c erern the se equency sub-division is
det er m nedhé datais sdedideicwchnihatit ergsstd the ednietlineffregepnency hoppi ng, and
wherein the information indicates a frequency shift between the first
and second frequency subdi vi si ons. 13. The apparatus of claim
11, wherein th&. sectieindth@qpieiy | sulleran the 8i least fve tohet leset shreglinelnde a
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of a transm ssion bandw dt h. 14. The apparatus of claim 11,

wherein the segond frequen ub-divisign Ls determned in accordance
with mirror fr quen@F 'ﬂ%ﬁﬁ%ﬁfwﬁﬁd"”@%ﬁ? g?t?'nlﬁ'?rﬂgn?t ‘T’rélﬁerésrfﬁmégg‘gnd
frequency ssetid dickientb-davison HRNE MOSHS aACTARSE fsg0érey bibdivikibeatiency
of a transm ssion bandw dth, such that the second frequency
sub-divisﬁg%“?gugﬂﬁstantiaIIy equi di stant above or bel ow the
centerline frequency as the first frequency sub-division is

substantially bel ow_or above, respectively, the centerline f reﬂ,uency.
0. The method of claim 1, wherein the first frequency sub-division is withina

first frequency division at an edge of a transmission bandwidth, and wherein the second
frequency sub-division is within a second frequency division at an opposite edge of the

transmisston bandwidth.

10.  The method of claim 1, further including:

generating a first plurality of SC-FDMA symbols including the data sent in the
first frequency sub-division of the first slot; and

generating a second plurality of SC-FDMA symbols including the data sent in the
second frequency sub-division of the second slot, and wherein the sent data includes

control data, or user traffic data, or both.

11.  Anapparatus that performs frequency hopping in a single carrier

frequency division multiple access (SC-FDMA) transmission, including:



15. The apparatus of claim 13, wherein the second frequency
sub-division is shifted in frequency fromthe first frequency

sub-di vision by substantially half of the transm ssion bandwi dth if
the data is schedul ed such that it does not cross a centerline
frequency of the transm ssion bandw dth. 37 16. The apparat us
of claim 14, wherein the first and second frequency subdivisions are
transposed across the centerline freggency of the transm ssion

bandwi dth if the data is schedul ed such that it crosses the
centerline frequency. 17. The apparatus of claim 11, wherein

the at |east tm%rmd@ﬁ&gdnﬁhﬁmwnimém@t@nﬁuminammaabzh ynieatiiy al ent
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and means for generating a second plurality of SC FDVA synbol s
including the data sent in the second frequency sub-division of the

second slot, amn WiHeabparitheoftih 10avirrdimtk satesd fautnoylsulgdivaionds user
traffic dadtetei'n‘zigcrzd i?}%gcrg)'rdance with cyclic shift frequency hopping, and wherein the
information indicates a frequency shift between the first and second frequency sub-

divisions.

13.  The apparatus of claim 11, wherein the second frequency sub-division is
determined in accordance with cyclic shift frequency hopping and is shifted in frequency

from the first frequency sub-division by substantially half of a transmission bandwidth.

14, The apparatus of claim 11, wherein the second frequency sub-division is
determined in accordance with mirror frequency hopping, and wherein the first and
second frequency sub-divisions are transposed across a centerline frequency of a
transmission bandwidth, such that the second frequency sub-division is substantially
equidistant above or below the centerline frequency as the first frequency sub-division is

substantially below or above, respectively, the centerline frequency.

15.  The apparatus of claim 13, wherein the second frequency sub-division is
shifted in frequency from the first frequency sub-division by substantially half of the
transmission bandwidth if the data is scheduled such that it does not cross a centerline

frequency of the transmission bandwidth.



21. An apparatus that perforns frequency hopping in a single carrier
frequency division nultiple access (SC-FDMA) transm ssion, including:
at | east one processor and an associated nenory unit, the nenory unit
containing instructions to cause the processor to performthe nethod

of any one of clains 1 to 10. 38 22. A processor that
facilitates frequency hopping in a single carrier frequency division
mul tiple access (SC-FDMA) transm ssigf, including: nmeans for

receiving information related to a transm ssion allocation unit that
is divided into at least two tine based slots including first and

second slots afgl a Mkudpmkdtisorefin |£aHeRELLS TRt did\ébahe iequens] sub ng
first and second frequency sub-divisians; means, f.or d%%%{ m_ni ng
the secondMisetaeiEysosd-aiow s esmterlinedisaueney. ehihe SImsmissiae Budyifth e

first frequencys sH uﬁiéd\shahﬂaa@@osga%ééeﬁghmaheauea@d further in

accordance wth at |east one of mrror frequency "hopping or cyclic
shift frequency hopping; neans for sending data in the first

frequency sub-gj vi Sf'll%%&éﬁ%{lﬁ.cfasrﬁff,ﬂe&ﬁr%ﬁ@gge %isn]fxegc{aseﬁ%[b@@ ngzgatz

in the second frequenc ivision o e secon o

conput er - ihdblsebstetisllyreqhivgdEntgonign oHides asseniatédawith the sansmussionequency
hoppi ng in 18 ﬁi n I.te carrier frequency division nmultiple access

( SC- FDWRB) a%?é‘% 8ion, the codes being executable by at |east one
conputer to performthe nmethod of any one of clains Ito 10. 24.

A met hod for regeivjng data via,a.single rrier frequency .diyision
mul tiple accesig'(s : %%Ta%?ﬁ%éﬁa‘ﬁ%{ﬁm %%f ﬁ?@iaﬁ‘aﬁqg%ﬂféﬁ% nﬁ%ppi ng,
i ncl udi ng:second frequency sub-division of the first slot and in the first frequency sub-division of

the second slot.

19.  The apparatus of claim 11, wherein the first frequency sub-division is
within a first frequency division at an edge of a transmission bandwidth, and wherein the
second frequency sub-division is within a second frequency division at an opposite edge

of the transmission bandwidth.

20.  The apparatus of claim 11, further including:

means for generating a first plurality of SC-FDMA symbols including the data
sent in the first frequency sub-division of the first slot; and

means for generating a second plurality of SC-FDMA symbols including the data
sent in the second frequency sub-division of the second slot, and wherein the sent data

includes control data, or user traffic data, or both.

21,  Anapparatus that performs frequency hopping in a single carrier
frequency division multiple access (SC-FDMA) transmission, including:
at least one processor and an associated memory unit, the memory unit containing

instructions to cause the processor to perform the method of any one of claims | to 10.



determning a transm ssion allocation unit that is divided into at
| east two tinme based slots including first and second slots and a
plurality of frequency sub-divisions including first and second
frequency sub-divisions, wherein the second frequency subdivision in
the second slot is determ ned based on the first frequency
sub-division in the first slot and further in accordance with at

| east one of mirror frequency hoppinggor cyclic shift frequency
hoppi ng; receiving data sent in the first frequency sub-division of
the first slot; and receiving data sent in the second frequency
sub-di vi si on of, t hey 586044 1Rl Rtilitates frequeRSr hophiag i ikl @irie fiRijwendA,
further includin ,sendin% information related. to the transm ssion
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(SC-FDVA) uplink channel utilizing frequency hopping, including:
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and a plurality, of frequency subdivisions jncludjn t and second
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subdivision in t irst slot and furt in accordance with at | east

one of i riFPs f el®uency hopping or cyclic shift frequency hopping;

24. A method for receiving data via a single carrier frequency division
multiple access (SC-FDMA) uplink channel utilizing frequency hopping, including:

determining a transmission allocation unit that is divided into at least two time
based slots including first and second slots and a plurality of frequency sub-divisions
including first and second frequency sub-divisions, wherein the second frequency sub-
division in the second slot is determined based on the first frequency sub-division in the
first slot and further in accordance with at least one of mirror frequency hopping or cyclic
shift frequency hopping;

receiving data sent in the first frequency sub-division of the first slot; and

receiving data sent in the second frequency sub-division of the second slot.

25.  The method of claim 24, further including sending information related to

the transmission allocation unit,



means for receiving data sent in the first frequency sub-division of
the first slot; and neans for receiving data sent in the second

frequency sub-division of the second slot. 30. The apparatus of
claim?29, further including neans for sending information related to
the transm ssion allocation unit. 40 31. The apparatus of

claim 29, wherein the second frequency sub-division is determned in
accordance with cyclic shift frequengg hopping and is shifted by
substantially one half of a transm ssion bandwidth fromthe first
frequency sub-divi sion. 32. The apparatus of claim 29, wherein
t he second fr e@@iencThesudthadiof clainp 24, ivéhertit the secoreldrdqneray subrdivinior iswi t h

mrror freguency,.haoppi a IS osed . e i ne
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means for sending information indicative of whether a term nal device
sel ects non-frequency shifted or frequency-shifted frequency
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allocation unit.
determined in accordance with mirror frequency hopping and is transposed across a
centerline frequency of a transmission bandwidth relative to the first frequency sub-

division.

28.  The method of claim 24, further including sending information indicative
of whether a terminal device selects non-frequency shifted or frequency-shifted

frequency sub-divisions for uplink transmission within the transmission allocation unit.

29.  An apparatus that receives data via a single carrier frequency division
multiple access (SC-FDMA) uplink channel utilizing frequency hopping, including:

means for determining a transmission allocation unit that is divided into at least
two time based slots including first and second slots and a plurality of frequency sub-
divisions including first and second frequency sub-divisions, wherein the second
frequency sub-division in the second slot is determined based on the first frequency sub-
division in the first slot and further in accordance with at least one of mirror frequency
hopping or cyclic shift frequency hopping;

means for receiving data sent in the first frequency sub-division of the first slot;

and

means for receiving data sent in the second frequency sub-division of the second

slot.

30.  The apparatus of claim 29, further including means for sending

information related to the transmission allocation unit.



34. An apparatus that receives data via a single carrier frequency
division multiple access (SC- FDVA) uplink channel utilizing frequency
hoppi ng, i ncl udi ng: at | east one processor and an associ at ed
menory unit, the menory unit containing instructions to cause the
processor to performthe nethod of any one of clainms 24 to 28.

35. A processor that receives data via a single carrier frequency
division nultiple access (SC FDMA) upbi nk channel utilizing frequency
hoppi ng, i ncluding: means for determ ning a transm ssion
allocation unit that is divided into at |least two tinme based slots

i ncl udi ng firsél.andlseppmatusiictasm ahdviarap the adcod/fraguericy supudinision is
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and further in accordance with at |east one of mrror frequency
hoppi ng or cyclic shift frequency hopping; nmeans for receiving data
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centerline frequency of a transmission bandwidth relative to the first frequency sub-

division.

33, The apparatus of claim 29, further including means for sending
information indicative of whether a terminal device selects non-frequency shifted or
frequency-shifted frequency sub-divisions for uplink fransmission within the transmission

allocation unit,

34, Anapparatus that receives data via a single carrier frequency division
multiple access (SC-FDMA) uplink channel utilizing frequency hopping, including:
at least one processor and an associated memory unit, the memory unit containing

instructions to cause the processor to perform the method of any one of claims 24 to 28,

35. A processor that receives data via a single carrier frequency division
multiple access (SC-FDMA) uplink channel utilizing frequency hopping, including:

means for determining a transmission allocation unit that is divided into at least
two time based slots including first and second slots and a plurality of frequency sub-
divisions including first and second frequency sub-divisions, wherein the second
frequency sub-division in the second slot is determined based on the first frequency sub-
division in the first slot and further in accordance with at least one of mirror frequency
hopping or cyclic shift frequency hopping;

means for receiving data sent in the first frequency sub-division of the first slot;

and



36. A conput er -readabl e nedi um incl uding codes for facilitating data
reception over a single carrier frequency division nultiple access
(SC- FDMA) uplink channel utilizing frequency hoppi ng according, the
codes being executable by at | east one conputer to performthe nethod
of any one of clainms 24 to 28.

41

means for receiving data sent in the second frequency sub-division of the second

slot.

36. A computer-readable medium including codes for facilitating data
reception over a single carrier frequency division multiple access (SC-FDMA) uplink
channel utilizing frequency hopping according, the codes being executable by at least one

computer to perform the method of any one of claims 24 to 28.



